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PLUMBING  AND  DRAINAGE. 

653.  The  duty  of  a  plumber  is  to  provide  dwellings 
and  other  buildings  with  systems  of  piping,  the  several 
objects  of  which  are : 

First. — To  supply  and  distribute  water  to  convenient 
pK>ints. 

Second. — To  receive  and  conduct  away  all  dirty  and  refuse 
water. 

Third. — To  conduct  aw^yand  dispose  of  all  filth,  excreta, 
and  other  sewage  matter,  and  to  remove  all  noxious  odors 
arising  therefrom. 

He  also  provides  apparatus  for  heating  water,  and  for 
pumping,  storing,  and  measuring  cold  water. 

He  provides  lavatories  and  baths,  laundry  tubs  and  sinks, 
water-closets  and  urinals,  cesspools,  drains,  etc. 

The  comfort  and  healthfulncss  of  dwellings,  especially  in 
towns  and  cities,  depend  in  a  great  measure  upon  the 
adequacy  and  thoroughness  of  the  plumbing.  And  as  the 
health  of  the  inmates  is  seriously  affected  by  defective  drain- 
age, it  is  necessary  that  the  work  of  the  plumber  sjiall  be 
thoroughly  and  conscientiously  pcifofnied  The  general 
public  are  profoundly  ignorant  of  t.hc  inioortance  of  thor- 
ough drainage,  and  in  many  cases  the  pI,Oiim)iL.f  muVt  protect 
people  against  the  evil  consequences  of'their  own  ijjnorance. 
In  many  communities  laws  have  been  rtiVulo  Nvhlclf  gVeatly 
aid  him  in  constructing  drainage  systems  as  they  should  be. 

To  do  his  work  properly  it  is  necessary  that  he  should 
pK>ssess  a  complete  knowledge  of  the  nature  of  the  materials 
which  may  be  used  for  his  purposes.  He  should  also  be- 
come familiar  with  the  mode  of  performing  the  necessary 
operations  upon  them,  both  the  shop  work  and  the  outside 
work;  and  he  should  acquire  a  clear  comprehension  of  what 

For  notice  of  the  copyrijijht,  see  puyre  innnctliatcly  followinj^  the  title  pajfe. 
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is  necessary  to  constitute  an  efficient  and  satisfactory  system 
of  water  supply,  a  safe  and  reliable  system  of  drainage,  and 
a  complete  and  convenient  outfit  of  fixtures  and  domestic 
apparatus.  

MATERIALS. 

654.     The  nature  and  variety  of  the  materials  which  are 
available  for  plumbers'  use  will  first  be  considered. 


SHEET    METALS. 

655.  Sheet  lead  is  very  malleable,  and  can  be  worked 
into  almost  any  shape.  Its  tenacity  is  small,  and  it  is  apt 
to  tear  if  stretched  very  much.  It  becomes  hard  and  brittle 
if  subjected  to  much  bending  or  beating. 

It  is  manufactured  of  any  thickness,  weighing  from  2J  to 
10  pounds  or  more,  per  square  foot. 

656.  The  following  table  gives,  approximately,  the 
thickness  of  sheet  lead  for  given  weights  per  square  foot. 

TABLE  24. 


Weight  per  Sq. 
Ft.  in  Pounds. 


•        •    •        4        •-» 


•-•      ♦ 


«      • 


•    •« 


:.-:: 
:.•••• 


8 

n 


•• 


•  •  •••  ••;• 


•4 
3 


•  •     • 

• 


JL. 


Thickness  in 
Inches. 


ft 
i 

ft 


•  • 


•  « 


•   • 


•    •. 


9    • 


Thinner    sheets  aVd  known  as  **  tea    lead  **  or  "  lead 

foil."  Sheet  lead  never  runs  exact  as  to  weight,  and  that 
grade  which  measures  about  ^  inch  thick  is  generally  called 
7-pound. 

657.  Sheet  copper  is  supplied  in  two  forms,  soft,  or 
annealed,  and  cold  rolled,  or  mirror  finished.  Both  varieties 
are  tinned  on  one  side,  or  are  left  in  natural  condition  as 
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ordered.  It  is  designated  by  its  weight  in  ounces  per  square 
foot.  Sheet  copper  in  common  \ise  ranges  from  10  to  20 
ounces,  and  the  largest  sheets  usually  kept  in  stock  of  10- 
ounce  copper  are  48  X  96  inches.  The  heavier  sheets  are 
made  60  X  96  inches. 

Copper  becomes  hard  and  tenacious  when  worked  or 
hammered. 

The  weights  and  thicknesses  of  sheet  copper  are  as  follows : 


Weight    in     ounces 

square   foot 

Thickness  in  inches. 


per 


10 
013 


12 
.016 


14 
.019 


10 
022 


18 
025 


20 
.029 


658*  Sheet  zinc  is  designated  by  its  weight  in  ounces 
per  square  foot.  It  is  furnished  in  casks  or  rolls  as  ordered. 
The  weights  and  thicknesses  are  as  follows: 


Weight    in     ounces 

square  foot 

Thickness  in  inches. 


per 


10 
0311 


12 
.0457 


14 
0534 


16 
.0611 


18 


20 


.0686.0761 


Zinc  is  a  bluish-white  metal,  and  is  highly  crystalline.  It 
is  hard  and  brittle  at  the  ordinary  temperature  and  also  at 
400°  F.  But  at  intermediate  temperatures,  between  212°  F. 
and  302°  F.,  it  is  malleable  and  ductile,  and  can  then  be 
rolled  into  thin  sheets. 

Note. — The  initial  letter  F  is  an  abbreviation  of  the  word  Fahren- 
heit. Thus,  400°  F.  means  a  temperature  of  4()ir  on  the  Fahrenheit 
thermometer,  the  one  ordinarily  used  in  this  country  and  (Jreat 
Britain.  Unless  otherwise  stated,  all  temperatures  will  be  Fahrenheit 
temperatures,  whether  indicated  or  not. 

659*  Sheet  iron  is  furnished  in  several  varieties,  viz., 
cold  rolled  and  hard,  or  annealed  and  soft.  These  may  be 
had  in  the  natural  state,  called  black,  or  they  may  be  had 
coated  with  metallic  zinc  and  called  Kalvanlzed.  Sheets 
range  in  size  from  24  X  72  inches  for  the  thin  sheets,  to 
30  X  84  inches  for  the  heavier  ones.  Sheet  iron  is  designated 
by  its  thickness  as  measured  by  a  wire  gauge.     There  are 
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many  varieties  of  gauges  used  for  this  purpose  which  differ 
greatly  in  their  measurements.  The  **  Birmingham"  wire 
gauge  i?  extensively  used  by  sheet-iron  makers.  This  gauge 
is  usually  indicated  by  the  initials  B.  W.  G. 

Black  sheet  iron  will  endure  but  very  little  bending,  and 
galvanized  iron  will  endure  still  less,  because  the  galvanizing 
impairs  the  ductility  of  the  metal.  If  bent  cold  the  zinc 
coating  will  peel  off  in  scales  at  the  bend. 

660.  Table  25  gives  the  B.  W.  G.  number,  the  actual 
thickness  in  inches,  and  the  weight  in  pounds  per  square 
foot. 


RIVETS. 

661.  RIvetfi  for  plumbers'  use  are  made  chiefly  of 
wrought  iron  and  copper.  Iron  rivets  without  coating  are 
called  black,  and  when  coated  with  tin  are  known  as  tinned 
rtvetfi. 

The  most  common  form  of  rivet  used  in  the  trade  is  the 
common  flat-head  rivet,  shown  at  (^),  Fig.  140.  This  form 
is  used  on  all  classes  of  thin  sheet-iron  work. 

The  button-head,  or  cup,  rivet  {n)  in  the  same  figure,  is 
used  for  joining  sheets  of  greater  thickness,  particularly  if 


SLE 

[T 

"s 

i ' 

1  ■ 

f 

J 

(») 

i   ! 

i  ; 
Pi 

) 

[O.    146 

they  arc  subjected  to  internal  pressure,  or  where  the  riveted 
seam  must  be  water-tight,  such  as  in  an  ordinary  kitchen 
boiler. 

The  countersunk-head  rivet  (c)  is  used  only  in  joininj^ 
thick  sheets  or  plates,  or  other  work  where  the  rivet  head 
is  desired  to  be  finished  flush  with  the  material  riveted. 

The  brazier'H  rivet  (i'Z)  is  made  of  copper,  and  is  used 
chiefly  on  sheet -brass  or  sheet-copper  work. 

The  burr,  or  washer,  (^•)  is  generally  used  with  the  cop- 
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TABLE    25. 


Black  Iron. 

Galvanized 

Number  of 

Thickness 

Weight  in 

Iron.    Weight 

Gauge. 

in  Inches. 

Pounds  per 

in  Pounds  per 

Sq.  Ft. 

Sq.  Ft. 

I 

.300 

12.0375 

2 

.284 

1^-3955 

3 

•259 

10.3924 

4 

.238 

9-5497 

5 

.220 

8.8275 

6 

.203 

8.1454 

7 

.180 

7.2225 

8 

.165 

6.6206 

9 

.148 

5- 9385 

lO 

.134 

5.3767 

II 

.120 

4.8150 

12 

.  109 

4.3736 

13 

•095 

3.8119 

14 

.083 

3.3304 

15 

.072 

2.8890 

16 

.065 

2.6081 

3.00 

17 

.058 

2.3272 

2.69 

18 

.049 

1 . 966 1 

2.31 

19 

.042 

1.6852 

2.07 

20 

•035 

1.4044 

1.75 

21 

•032 

1.2840 

'.50 

22 

.028 

1. 1235 

1.32 

23 

•025 

1. 0031 

1. 19 

24 

.022 

0.8827 

1.06 

25 

.020 

0.8025 

1. 00 

26 

.018 

0.7222 

0.96 

27 

.016 

0.6420 

0.88 

28 

.014 

0.5617 

0.75 

29 

•013 

0.5216 

0.69 

30 

.012 

0.4S15 

0.60 
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per  rivet  in  such  places,  for  example,  as  on  a  copper  kitchen 
boiler. 

The  object  of  using  the  burr  is  to  distribute  the  punching 
effect  of  the  rivet  over  a  large  surface,  and  thus  avoid 
cracking  the  sheet  or  causing  it  to  bulge  between  the  rivets. 

Small  rivets  are  put  up  in  packages  containing  1,000  rivets. 
Their  size  is  designated  by  the  weight  in  ounces  or  pounds 
per  package  of  one  thousand  rivets. 


PIPES. 

662.  Pipes  for  the  use  of  plumbers  are  made  of  many 
materials,  including  lead,  lead  with  tin  lining,  block  tin, 
brass,  copper,  wrought  iron,  wrought  iron  with  lead  lining, 
cast  iron,  fireclay,  terra-cotta,  and  wood. 

663.  The  sizes  and  weights  of  lead  pipe,  tin-lined  lead 

pipe,   and  pure  block-tin  pipe,  are  given  in  the  following 

tables : 

TABLE  26. 


W^BIGHT  PER  FOOT  OF  LBAD  PIPB  AND  TIN-LINBD 

LBAD  PIPB. 


Inside 
Diam- 
eter. 

A  A/I 
Brooklyn 

A  A 

Extra 

Strong. 

A 
Srong. 

B 

Medi- 

um. 

C 
Light. 

1  b.     oz. 

D 
Extra 
Light. 

E 

Foun- 
tain. 

in. 

lb.         07.. 

lb       o«. 

lb.         OS5. 

lb.     oz. 

lb.     oz. 

lb.     oz. 

1 

1     12 

1       8 

1        4 

1      0 

0    12 

0    10 

0     7 

tV 

1      0 

0    13 

1  6 

3       0 

2       0 

1     12 

1      4 

1      0 

0    12 

0     9 

1 

3       8 

2     12 

2       8 

2      0 

1      8 

1      0 

0    12 

f 

4     13 

3       8 

3       0 

2      4 

1    12 

1      4 

1      0 

1 

G       0 

4     12 

4       0 

3      4 

2      8 

2      0 

1      8 

H 

6     12 

5     12 

4     12 

3    12 

3      0 

2      8 

2      0 

U 

8       8 

7       8 

0       8 

5      0 

4      4 

3      8 

3      0 

If 

10       0 

8   .   8 

7       0 

C      0 

5      0 

4     0 

0      0 

2 

11     12 

9       0 

8       0 

7      0 

G      0 

4   12 

664.     Lead  pipes  of  any  size  differing   from  the  above 
weights  are  made  to  order. 
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TABLE  27. 


LBAD  TUBING. 


i  in 


J  oz.  per  ft. 
1:^  oz.  per  ft. 


^y  in 2i^  oz.  per  ft. 

i  in. .  .5,  6,  8,  13  oz.  per  ft. 


TABLE  28. 


LBAD   WASTB   PIPE. 


li  in 2  lb.  per  ft. 

2  in 3    and  4  lb.  per  ft. 

2i  in .4    and  6  lb.  per  ft. 

3  in 4^  and  5  lb.  per  ft. 


4  in. . .  .5,  6,  and  8  lb.  per  ft. 
4J  in.  . .  .  8  and  10  lb.  per  ft. 

5  in.  .8,  10,  and  12  lb.  per  ft. 
0  in. . . .  12  lb.  and  up  per  ft. 


TABLE  29. 


PUUB  BLOCK-TIN   PIPB. 


I  in. 
\  in. 


s 

19 


m. 
in. 


I   in. 
I   in. 

7 

i 
i 
i 


n. 


.  /  A  A 
AA.. 


m. 

n. 
in. 

n. 


AAA 
AA,, 
AAA 
AA.. 
AAA 
AAA 
AA.. 


J  in,  A  A  A 


.  5  oz. 
.  3^  oz. 
.  8  oz. 
.  Gi  oz. 
.  4  oz. 
.  7  oz. 
.  4  oz. 
.  7  oz. 
.10  oz. 
.  6  oz. 
.  8  oz. 
.11    oz. 


per  ft. 

M 

per  ft. 

ii 

per  ft. 

Ji 

per  ft. 

1    i 

per  ft. 

1    i 

per  ft. 

Hi 

per  ft. 

Ui 

per  ft. 

Ui 

per  ft. 

Hi 

per  ft. 

2    i 

per  ft. 

2    i 

per  ft. 

n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 


A  A 1)  oz. 

A  A  A..  .Vi  oz. 

A  A 11  oz. 

AAA...170Z. 

A  A 14  oz. 

AAA,,,m  oz. 

A  A 18  oz. 

A  A  A  . ,  .3(j  oz. 

A  A 24  oz. 

A  AA..  AO  oz. 
A  A 2C  oz. 


per  ft. 
per  ft. 
per  ft. 
per  ft. 
per  ft. 
per  ft. 
per  ft. 
per  ft. 
per  ft. 
per  ft. 
per  ft. 


Any  size  or  weight  per  foot  is  made  to  order. 

The  length  of  a  coil  of  lead  pipe  from  Y  to  1'  in  diameter 
is  usually  about  GO  feet,  and  the  length  of  a  bundle  of  lead 
pipe  from  \\'  to  2'  in  diameter  about  3G  feet. 

Of  course  they  can  be  obtained  in  longer  lengths  if  desired. 
They  can  be  purchased  rolled  up  on  wooden  mandrels  or 
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spools  if  desired,  and  this  is  a  good  method  of  preventing 
them  from  being  **  kinked"  or  damaged  in  shipment. 

On  account  of  the  large  diameter  and  the  thickness  of  the 
metal  of  lead  waste  pipe,  this  pipe  is  never  coiled.  It  is  gen- 
erally made  in  10-foot  lengths  and  shipped  as  straight  tubes. 

665.  Lead  pipe  is  very  smooth  on  the  inside,  and  offers 
the  least  resistance  to  the  flow  of  water.  It  is  easily  bent 
to  suit  any  situation,  and  easy  curves  are  readily  made.  It 
is  not  suited  to  high  pressures  because  of  its  small  tensile 
strength. 

Lead  pipe  varies  greatly  in  quality.  The  pure  lead  is 
soft  and  pliable,  and  is  particularly  adapted  for  waste  piping 
because  it  will  stretch  more  equally,  and  will  not  tear  or  crack 
as  quickly  as  a  harder  and  more  impure  lead  would  while 
being  worked  into  bends,  etc.  The  hardness  varies  accord- 
ing to  the  kind  and  quantity  of  metals  mixed  with  it.  A 
hard,  tenacious  lead  will  stand  more  tensile  strain  than  a 
softer  lead.  Therefore,  no  reliable  estimate  can  be  formed 
of  the  actual  strength  of  lead  pipe.  It  will  bend  under 
pressure  without  breaking,  and  is,  therefore,  desirable  for 
connections  to  fixtures  that  are  liable  to  change  their  posi- 
tion, in  consequence  of  the  settling  or  rocking  of  the 
building. 

666.  Lead,  as  a  material  for  soil  or  drain  pipes,  is  rapidly 
going  out  of  use.  The  chief  virtue  of  lead  pipe  is  the 
smoothness  of  its  interior  surface,  which  enables  waste 
matter  to  flow  through  it  very  easily. 

It  will  not  corrode  internally  to  a  serious  extent  if  it  be 
well  ventilated. 

Nearly  all  varieties  of  soil  or  earth  will  corrode  lead  pipe 
externally;  therefore,  it  should  not  be  used  for  underground 
drains. 

It  should  not  be  enclosed  by  cement  or  mortar  where  it 
passes  through  a  wall,  without  first  being  wrapped  with 
tarred  paper  or  other  rot -proof  material. 

Lead  soil  pipes  should  not  be  less  than  ^-inch  thick. 
Steam   rapidly   destroys   lead   soil    and   waste    pipes,    and 
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plumbing  fixtures  using  hot  water  should  not  discharge  into 
them.  The  alternation  of  hot  and  cold  water  will  cause  the 
lead  to  crack  at  the  weakest  point,  usually  at  the  supports. 
If  steam  or  very  hot  liquids  are  to  be  admitted  to  a  drain, 
the  pipe  should  be  of  wrought  iron  with  screwed  joints. 
The  alternate  expansion  and  contraction  will  strain  and 
eventually  destroy  the  calking  in  spigot  and  socket  joints 
of  cast-iron  pipe. 

667.  IVrouKlit-lroii  pipe  is  made  either  black  or 
galvanized^  and  all  American  manufacturers  conform  the 
dimensions  of  the  pipe  to  a  standard  list  as  follows: 

TABLE  aO. 


HTA.'VnARn  niMBNSIONS  OF  IVROUGHT-IRON   I'IPB. 


Nominal 
Internal 

Actual 
Internal 

Actual      M^. 
External        r 

ickness 
Metal 

Diameter 
in  Inches. 

Diameter 
in  Inches. 

Diameter    . 
in  Inches. 

Inches. 

k 

0.270 

0.405 

068 

\ 

0.364 

0.540 

.088 

\ 

0.494 

0.675 

.091 

k 

0.623 

0.840 

109 

J 

0.824 

1.050 

"^ZZ 

I 

1.048 

1. 3*5 

134 

u 

1.380 

1.660 

140 

>i 

1. 610 

1 .  900 

M5 

2 

2.067 

2.375 

154 

H 

2.468 

2.875 

204 

3 

3-067 

3.500 

217 

Z\ 

3.54« 

4.000 

226 

4 

4.026 

4.500 

237 

4j 

4.508 

5.000 

246 

5 

5-045 

5.563 

259 

6 

6.065 

6.625 

280 

Area  of 

Internal 

Weight  in 

Diameter  in 

Pounds  i)er 

Square 

Lineal  Foot. 

Inches. 

0.0572 

0.243 

0. 1 04 1 

0.422 

0. 1916 

0.561 

0.3048 

0.845 

0.5333 

I.  126 

0.8627 

1.670 

1 . 4960 

2.258 

2.0380 

2.694 

3.3550 

3.667 

4.7«3o 

5.773 

7.3880 

7-547 

9.8870 

9.055 

12.7300 

10.728 

'5.9390 

12.492 

19.9900 

14.564 

28.8890 

1 8.  767 
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Wrought-iron  pipes  are  made  in  lengths  from  about  15  to 
20  feet. 

All  wrought-iron  pipe  which  is  1^  inches  or  less  in  diam- 
eter is  butt-^Bvelded ;  that  is,  the  edges  are  joined  as 
shown  in  Fig.  147. 

All  sizes  above  1^  inch  are  lap-^Bvelded,  the  edges  being 
lapped  as  shown  in  Fig.  148. 


Fig.  147.  Fio.  148. 

All  butt-welded  pipe  is  tested  at  the  mills  to  a  pressure 
of  300  pounds  per  square  inch,  and  lap-welded  pipe  is 
similarly  tested  to  500  pounds  pressure  per  square  inch. 

Wrought-iron  pipes  having  a  greater  thickness  of  metal 
than  those  above  are  made,  and  are  known  as  extra  strong 
and  double  extra  strong.  The  extra  thickness  of  metal  re- 
duces the  bore  of  the  pipe;  the  outside  diameter  of  each 
nominal  size  is  never  changed.  Thus,  all  grades  of  pipe  will 
connect  properly  with  standard  fittings. 

668.  Steel  pipes  are  made  in  the  same  way  and  of  the 
same  sizes  as  wrought  iron.  They  are  being  very  extensively 
used  on  common  work.  Their  durability,  as  compared  with 
wrought  iron,  is,  however,  claimed  to  be  less,  and  they  are 
very  destructive  to  the  pipe-cutting  and  threading  tools. 
Steel  pipes  are  much  more  brittle  than  wrought-iron,  and, 
consequently,  can  not  be  so  conveniently  bent. 

669.  Galvanized-iron  pipe  is  suitable  for  the  heaviest 
pressures,  but  it  must  be  put  together  with  screw  joints. 
The  short  bends  and  sharp  angles,  incident  to  this  mode 
of  connection,  cause  much  friction,  and  impede  the  flow 
of  water. 
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670.  Plain,  or  black,  wrought-iron  and  steel  pipe  is  sub- 
ject to  the  same  drawbacks,  and  it  also  rusts  rapidly ;  it  is 
very  liable  to  clog  by  rusting  internally. 

671  •  Wrought-iron  pipe,  put  together  with  screw  joints, 
is  coming  into  use  in  some  quarters  for  drainage  work, 
but  its  value  for  that  purpose  is  still  regarded  as  proble- 
matical. It  appears  to  have  some  advantages.  For  instance, 
when  once  made  tight,  it  will  remain  so.  The  number  of 
joints  is  much  less.  In  some  situations,  screwed  joints  can 
be  made  where  socket  joints  can  not  be  calked. 

It  is  very  rigid,  and  is  able  to  stand  upon  an  independent 
base,  and  thus  be  detached  from  the  walls  of  the  building,  if 
desired.  Its  expansion  and  contraction  due  to  changes  in 
temperature,  however,  is  somewhat  more  than  that  of  cast- 
iron  pipe. 

All  soil  or  vent  pipes  of  cast  or  wrought  iron  should  be 
coated  outside  and  inside  with  hot  asphaltum.  This  should 
be  done  at  the  mills,  by  the  maker.  The  fittings  for  soil, 
vent,  or  drain  pipes,  of  cast  or  wrought  iron,  should  always 
be  flush  fittings,  so  that  the  bore  of  the  pipe  shall  be 
uniform,  without  enlargements  or  pockets. 

672«  HraHH  or  copper  tubes  are  made  of  all  diam- 
eters and  thicknesses.  The  size  by  which  these  tubes  are 
designated  is  usually  the  outside  diameter,  and  the  thickness 
of  the  metal  must  always  be  specified,  in  order  to  secure 
tubing  which  is  suitable  for  the  purpose  in  view. 

Brass  and  copper  tubes  are  made  by  two  methods,  and  are 
accordingly  designated  as  seamless  drawn^  or  brazed  \.wh\\\%, 

673«  Seamless  dra'wii  tubing  is  made  from  a  solid 
block  of  metal  without  a  joint,  and  is  much  superior  in 
strength  to  brazed  tubing.  HraKed  tubing  is  similar  in 
structure  to  butt-welded  wrought-iron  pipe,  except  that  the 
joint  is  secured  by  brazing. 

Brass  tubing  is  also  made  in  sizes  which  correspond  in 
external  diameter  with  the  sizes  of  wrought-iron  pipe,  in 
order  that  it  may  be  screwed  into  the  same  fittings  that  are 

P.    //.—.' 

(ro 
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used  for  wrought-iron  pipe,  or  for  convenience  in  using  the 
standard  iron  pipe  tools. 

674.    The  following  table  gives  the  approximate  weight 
per  lineal  foot  of  iron  pipe  size  brass  tubes : 

TABLE  31. 


Nominal 

Weight  per 

Diam.    in 

Lineal  Foot  in 

Inches. 

Pounds. 

i 

.25 

i 

.43 

f 

.62 

i 

.90 

i 

1.25 

1 

1.70 

U 

2.50 

n 

3.00 

2 

4.00 

H 

5.75 

3 

8.30 

3* 

10.90 

4 

12.70 

H 

1 3. 90 

5 

15.75 

G 

20. 00 

675.  Brass  and  copper  tubes  are  smooth  inside,  and  are 
made  of  any  thickness.  They  are  best  for  heavy  pressures 
of  ()0  pounds  per  square  inch  or  more.  Below  that  pressure 
lead  pipe  may  be  used. 

676.  Wooden  pipes  are  usually  made  from  solid  square 
timber.  The  bore  is  made  by. an  auger  which  is  forced 
throughout  the  length  of  the  piece. 

Another  variety  is  made  by  winding  a  flexible   wooden 


PLUMBING   AND    DRAINAGE. 


trip  or  ribbon  upon  a  mandrel  spirally  in  sut^h  a  manner 
lat  the  layers  overlap  one  another  and  then  securing  them 

bgether  with  cement.      It 

I  made  of  ail  diameters  and 
E  all  lengths  up  to  20  feet. 

f  677.  Fig.  I4i)  is  a  cross- 
:tion  through  a  wruoden 
piptt.  The  con- 
pi])e  is  made  of 
aves,  a,  a.  bound  together 
wrought  -  iron  or  steel 
lops  b,  the  ends  of  which 
■e  secured  by  means  of 
pts  screwed  against  clips 
\  shoes  as  at  c. 
The  cross-joints  of  the 
&IVCS  are  mortise  and  leno 
joint; 
pipe, 
joint 


Pig.  140. 
as  shown  in  Fig.  150.  These 
do  not  continue  around  the 
but  are  placed  to  "'  break 
in  the  length  of  the  stave. 
Wooden  pipes  carefully  soaked  in 
ihaltum  are  useful  for  conveying  salt  water  and  other 
uids  which  have  a  corrosive  effect  upon  metal  pipes, 

[  H7ft.  Cust-Iron  pIpBs  for  plumbers"  use,  commonly 
bllcd  will  pIpcH,  are  made  with  a  tMcket  on  one  end  and  a 
•IfCot  on  the  uthcr.  They  are  made  in  two  grades,  the 
aadard  and  extra  heavy,  the  latter  having  the  greater 
ptckness  of  metal. 
These  pipes  are  made  five  feet  long,  exclusive  of  the 
)ck«t,  and  may  be  had  from  two  to  twelve  inches  inside 

They  arc  sold  by  the  lineal  foot. 
Pipes  having  a  socket  on  each  end,  called  double  hub 
I,  arc  sold  by  the  piece. 
ETbe  above  cast-iron  pipes  arc  used  chiefly  for  the  drainage 
I  buildings. 

I;  Cast-iron  pipes  used  for  conveying  water  under  pressure, 
,  for  example,  as  pipes  from  a  reservoir  to  a  building, 
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are    much    heavier   and   longer   than   those    for    drainage 
purposes. 

Cast-iron  pipes  may  be  had  cither  plain,  i.  e.,  as  they 
come  from  the  mold,  or  coated  with  some  particular 
material,  such  as  asphaltum.  In  ordering  this  kind  of  pipe, 
it  should  be  stated  whether /A?///  or  coated  \^  wanted. 

679.  Soil  pipes  should  be  made  of  cast  iron  not  less  than 
^  inch  thick  for  diameters  of  4  inches  or  less,  nor  less  than 
5*^0  inch  for  larger  sizes. 

For  buildings  under  05  feet  in  height,  the  standard  grade 
may  be  used,  but  in  buildings  higher  than  (>5  feet,  extra 
heavy  soil  pipes  should  be  used. 

The  same  rule  applies  to  vent  i)ipes.  These  corrode  much 
jnore  than  soil  pipes,  and  metal  is  necessary  to  compensate 
for  corrosion,  quite  as  much  as  for  strength. 

680.  Kartliciiwarc  drain  pipen  are  of  various  qual- 
ities as  to  texture,  varying  from  a  porous  material  like  that 
t)f  common  red  brick  (sometimes  called  tcrra-cotta)  to  a 
hard  and  compact  material  which  is  glazed  to  make  it  water- 
tight, called  »alt  glazed  or  vitrified  eartlien  pipe* 
The  latter  class  is  made  in  two  and  three-foot  lengths,  and 
has  a  socket  on  one  end.  The  sizes  usually  kept  in  stock 
by  dealers  are  '^\  4^  5",  G'',  7',  and  S"  inside  diameters. 

681.  Earthen,  or  vitrified,  pipes  are  suitable  for  under- 
ground drains  only,  and  even  for  that  use  are  inferior  to  the 
cast-iron  pipes.  They  should  never  be  used  inside  of  a 
building,  nor  in  any  situation  where  the  leakage  from  them 
can  do  any  damage.  They  should  not  be  used  in  the  neigh- 
borhood of  wells  or  cisterns,  because  they  are  so  liable  to 
crack  and  leak,  and  thus  pollute  the  water  in  the  soil  for  a 
considerable  distance.  They  should  not  be  laid  in  new  or 
made  ground,  as  this  will  settle  with  heavy  rainfalls  and  the 
pipes  will  break.  The  pipes  being  so  short,  the  number  of 
joints  is  greater  than  with  any  other  kind  of  pipe.  Plaiiiy  or 
unvitrified,  earthen  pipes  should  only  be  used  to  drain  wet 
ground.  The  vitrified,  or  salt  glazed,  pipe  should  be  chosen 
to  convey  sewage. 


MI8CEI.LANEUUS    MATBHIAI.S. 
[  BH2.     Oakum  is  cnmposcd  of  fillers  of  hemp,  which  are 
ladc  lo  adhiTc  together  strunjjly  by  moistening  them  with 
\Hne  UiT.   It  can  be  obtained  in  hales,  either  loose  or  slightly 
iri^tcd. 

L  S83.  AMptiaitum  is  a  native  mineral  pitch  or  bitumen, 
md  is  found  in  several  localities  in  the  United  Stales,  but 
me  greater  part  of  the  supply  is  obtained  from  European 
rtirccs.  It  is  black  or  dark  brown  in  color,  and  the  frac- 
nred  surfaces  have  a  high  luster.  Its  specific  gravity  is 
fbout  1,10.  It  melts  and  burns,  leaving  no  residue,  and  it 
lulvcs  completely  in  petroleum  or  turpentine.  For  the 
lurposcof  making  water-i>roof  coatings  on  brickwork,  etc.  it 
I  mixed  with  coal  tar  and  put  on  hot.  It  is  URed  for  coat- 
j  iron  work  of  all  kinds  that  is  exposed  lo  dampness,  or  is 
ptried  in  soil.  Pipes,  clc,  which  are  lo  be  thus  coaled 
rould  be  heated  to  the  melting  point  of  the  a.sphaltum 
bforc  they  are  dipped. 

I  A8-4.  PluHtttr  of  PuriH  is  used  in  the  plumbing  trade, 
picfly  for  bedding  or  setting  marble  work;  making  joints 
Skmii  wash-basins,  cocks,  etc.  Il  should  be  mixed  in  small 
pantJtics  with  water  lo  the  consistency  of  thick  cream,  and 
plied  as  quickly  as  possible,  fur  it  sets  rapidly.  It  should 
bt  be  disturbed  while  setting.  It  is  very  porous,  and, 
perefore,  is  not  suitable  for  making  joints  under  water. 
\  If  plaster  of  Paris  begins  to  set  while  it  is  being  applied, 
■ow  it  away  and  mix  up  a  fresh  batch.  Do  not  attempt 
i  thin  it  down  with  more  water. 

F685*     Piirtlund  cKment  is  used  by  plumbers  for  many 

hrpoMS,  chiclly  for  jointing  earthenware  pipes.     It  should 

pt  be  used  in  the  pure  stale,  but  should  be  mixed  with  an 

lal  quantity  of  dean,  sharp  sand,  and  then  tempered  with 

I  water  into  a  thick  mortar.     If   too  ranch  cement  is 

Ixed  at  a  time  it  will  begin  to  set  before  it  can  be  applied. 

>rtland   cement   should   not   be   ^^tempcrcd  up,"  that  is. 

Binned  with  water  when  it  has  begun  to  harden,  for  any 

;ept  for  bedding  or  supporting  the  fireclay  pipes. 
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This  cement  will  set  underwater,  and  a  barrel  of  it  weighs 
about  400  pounds. 

686.  Rosendale  cement  is  similar  to  Portland  cement, 
but  is  not  so  strong,  and  is  of  an  inferior  nature.  It  should 
be  mixed  with  sand,  same  as  Portland  cement,  before  being 
tempered  with  water.  It  is  not  suitable  for  jointing  fireclay 
pipes  or  other  work  exposed  to  water.  A  barrel  of  this 
cement  weighs  about  300  pounds. 

687.  Glaziers'  putty  is  made  by  mixing  about  seven 
parts  of  whiting  with  three  parts  (by  weight)  of  boiled  lin- 
seed oil.  It  is  used  for  bedding  woodwork  around  fixtures, 
and  for  bedding  cast-iron  sinks,  etc. 

688.  Red  lead  is  mainly  oxide  of  lead,  and  is  sold  in 
kegs  in  the  form  of  a  heavy  powder.  It  is  prepared  for  use 
by  mixing  it  in  small  quantities  with  boiled  linseed  oil  just 
before  using.  It  becomes  very  hard  in  setting,  and  is  used 
to  bed  fixtures,  and  to  set  slate  slabs,  etc.,  but  must  not  be 
used  to  joint  marble  work  as  the  oil  is  absorbed  by  the 
marble  and  stains  it. 

68f).  W^'hlte  lead  is  a  carbonate  of  lead  ground  to  a 
fine  paste  with  boiled  linseed  oil.  It  is  the  basis  of  nearly 
all  good  house  paints,  and  is  used  by  plumbers  for  the  same 
purposes  as  red  lead. 

690.  PIumberH*  soil  is  composed  of  lampblack  mixed 
with  a  small  amount  of  glue  and  water.  The  surface  to 
which  plumbers'  soil  is  to  be  applied  should  first  be  cleaned 
by  rubbing  with  chalk,  as  it  will  not  adhere  to  a  greasy  sur- 
face.    It  is  probably  cheaper  to  buy  the  soil  than  to  make  it. 


FlTTlNliS  FOR  SCREWED   PIPES. 

69 1  •  Wrought-iron  pipe  connections  are  made  by  means 
of  either  cast-iron  or  malleable-iron  castings  which  are  pro- 
vided with  threaded  sockets  into  which  the  pipe  is  scTewcd. 

Cast-Iron  fIttlnjKs  are  made  with  a  band  around  each 
socket,  as  at  ./  in  Fig.  151,  which  shows  two  wrought-iron 
pipes  /)  and  />  joined  together  by  a  cast  iron  T  fitting. 


it  the  bursting  strain  which  arises  from  the  screwing 
pipu   into   the   >iocket.       Aftt/lfaNc-iroii  fittings  are 
made  with  a  biad  around  each  socket, 


zontal  pipe  is  screwed  is  swelled  out,  but  otherwise  is  as 
perfect  as  can  be  made  in  such  a  fitting.  The  socket  into 
which  the  vertical  pipe  is  screwed  is  not  only  swelled,  but  is 
split  in  the  swelling,  as  shown.  The  sockets  swell  and 
assume  a  permanent  set  because  they  are  tt>o  weak  to  resist 
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the  great  tensile  strains  to  which  they  are  subjected  when 
the  tapered  pipe  threads  are  screwed  into  them.  Neither  of 
these  joints  is  suitable  for  first-class  work.  Beaded  fittings 
should  always  be  used. 

Brass  fittings  are  also  made  for  use  with  brass  screwed 
pipe,  and  they  should  always  be  heavily  beaded. 

693.  Fittings  are  of  two  kinds — ordinary  and  flush. 
The  ordinary  fittings  are  of  larger  internal  diameter  than 
the  pipes  which  are  attached  to  them,  as  shown  in  Fig.  151. 

694.  FluHh  flttlfiKH  are  so  made  that  their  internal 
diameter  is  the  same  as  that  of  the  pipes  which  are  attached 

to  them,  and  the  joint  is  made 
between  the  end  of  the  pipe  and 
the  shoulder  at  the  inner  end 
of  the  socket,  as  shown  in  Fig. 
154.  This  prevents  any  irregu- 
larity in  the  bore  of  the  pipe  line, 
which  is  very  desirable  in  all 
drainage  work. 

The  tightness  of  the  joint 
made  with  ordinary  fittings  de- 
pends upon  the  perfect  filling  of 
the  thread  in  the  socket  by  the 
thread  upon  the  pipe.  To  facili- 
tate this,  both  the  socket  and 
pipe  ends  are  made  conical.  The 
.       Y  proper  taper,  together  with  the 

\      ^^^B  number  of  threads  per  inch,  are 

^^^       I  stated   in   detail   in   Art.    74H. 

^^^Jl  It  is  customary  to  paint  the 

thread  on  the  end  of  the  pipe 
with  red  lead  mixed  with  boiled  linseed  oil,  or  some  other 
cement,  before  screwing  it  into  the  socket.  The  paint 
lubricates  the  parts  and  allows  the  thread  to  be  screwed  up 
with  a  minimum  expenditure  of  force.  It  also  compensates 
for  any  irregularities  in  the  threads  by  filling  the  inter- 
stices. 
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I  0O5.  Uoloaii  are  made  in  many  forms.  Their  duty  is  to 
pin  together  the  ends  of  two  pipes  where  it  is  tint  suitable 
9  tarn  either  one,  or  in  places  where  it  may  at  some  future 
:  be  desired   to   disconnect   the  pi[>es   without  cutting 


'  Unions  are  of  twn  kinds — the  flan^cil  and  the  scrc^th-ei. 
Tic  floneed  unlnn.  shuwn  in  1  ig  ItS  is  used  prmupally 
1  vfrought-iron  pipes  having  a  dnmctcr  sf  two  inches  or 


lore.  The  pipe  ends  a  and  a  are  screwed  into  the  flanges 
■And  b.  The  IeatherwJ^he^  c  is  placed  in  position  between 
pe  fiances,  and  then  compressed  by  screwing  iiji  the  nuts 
f  and  rf.  This  draws  the  tlaiigcs  together  and  makes  a 
iBtor-tigbt  joint.  Care  must  he  taken  to  have  the  flanges 
»d  equal  all  around  sn  that  the  pressure  upon  the  washer 
'ill  be  uniform. 

\  The  wcruwecl  unlonM  are  nf  two  kinds — the^ro««rf,  Fig. 

,  and  the  fucked.  Fig.  157.      In  the  icniund  unions  the 

|tne  a  and  iho  socket  li  are  ground  to  a  perfect  fit,  and  are 

■awn  together  by  the  nut  i/.     The  collar  r  must  be  turned 
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true  with  the  axis  of  the  cone,  and  the  axis  of   the  screw 
thread  must  also  coincide  perfectly  with  that  of  the  cone^fl 
otherwise  it  will  be  difficult  to  draw  the  joint  together  witi 
sufhcient  accuracy   to  make  a   tight  joint,      The  joint  itm 
made  tight  by  the  fit  of  the  parts  rather  than  by  the  prcs-~ 
sure  put  upon  them.     Therefore,  if  the  joint  is  not  tight,  do 
not  attempt  to  make  it  so  by  straining  the  nut  i/,  but  rectify 
the  fit  of  the  parts.     Ground  unions  are  best  adapted  for 
pipes  which  convey  hot  water. 


In  the  packed  union,  shown  in  Fig.  j.iT',  the  joint  tn 
nadi  by  compressing  the  washer  f,  which  is  made  of  leatherJ| 
or  of  rubber  compounda; 
To  prevent  the  soffl 
washer  from  getting  oul 
<>(  place,  one-half  of  tha 
:ni.ipling  is  frequent!* 
iiade  with  a  projcctiii| 
ring/. 

The  union  ring  *  whicl 
iraws  the  halves  togethed 
by  being  screwed  over  thq^ 
half  a,  is  in  the  form  of  1 
hexagon,  Bo  that  a  wrcnd 
may  be  used  for  screw 
^  are  used  chiefly  on  pip< 
havmg  a  cliameter  smaller  ttian  '4  mches. 
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IXSPECTION    OF   MATERIALS. 
696.'^    All  materials  should  be  inspected  when  received 
nd  before  accepting  them. 

097.  Black  sheet  iron  should  be  examined  for  flaws  or 
oles  on  its  surface,  for  equality  of  thickness,  and  as  to  its  lia- 
iiity  to  crack  if  bent  sharply  either  with  or  acmss  the  grain. 
698.  Galvanized  tttacet  Iron  should  be  examined  for 
e  defects  as  black  sheet  iron.  The  zinc  coating  may 
k:  tested  by  bending  the  iron  at  a  temperature  of  about  fiO" 
»r  To"  F.  If  the  zinc  adheres  properly  to  the  iron  it  will  not 
eale  or  peel  off. 

099.  Sheet  copper,  t)he«t  lead,  and  Hheet  aclnc  arc 
[cnerally  accepted  as  they  are  placed  upon  the  market. 

700.  Lead  pipe  should  be  si>ft  and  pliable.  Examine 
or  kinks,  bruises,  and  punctures  caused  by  rough  handling 
illring  shipment.  Otherwise,  it  is  placed  (m  the  market 
tl  good  condition  and  requires  no  further  Inspection. 

701.  Tin-lined  lead  pipeshonid  have  iLsinterior  sur- 
acc  examined,  if  possible,  to  see  if  it  is  tin-lined.     Shave 

the  eiid  of  the  pipe  square  and  clean,  and  ascertain  the 
ihickncss  of  the  tin  lining  by  breathing  on  the  highly 
Kilishcd  end.  The  breath  will  discolor  the  surface  of  the 
ith  a  thin  blue  coating,  and  the  tin  will  remain  bright. 
!'he  thickness  of  the  tin  lining  will  thus  become  visible. 

702.  Block-tin  pipe,  like  lead  pipe,  is  generally  ac- 
epted  as  reliable  in  the  form  placed  upon  the  market.  Pure 
ijock  tin  may  be  detected  by  a  peculiar  crackling  noise  it 
nakcs  when  being  bent  at  ordinary  temperatures. 

703.  Seamless  brant*  tuhine  should  have  an  equal 
.iclcnens  all  around,  and  should  be  slightly  annealed  to 
revent  its  being  too  brittle  for  working. 

704.4    In     brazed    brass    and    copper    tubInK    the 

razed  seams  should  be  examined  carefully.  It  should  be 
niformly  loaded  with  hard  solder  and  thoroughly  juvk/ivi'. 
:  possible,  examine  both  the  inside  and  outside  of  the  seam. 
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The  best  and  strongest  form  of  brazed  seam  is  dovetailed,  (See 
Fig.  227,  D^  Art.  807.)  Lap  or  butt-brazed  seams  are  liable 
to  warp  in  the  process  of  brazing,  and  are  not  very  strong. 

705.  Galvaoized-iroo  pipe  placed  upon  the  market 
is  ^usually  accepted  as  good.  Sometimes,  however,  it  is 
partly  choked  by  the.  zinc  used  to  galvanize  it  clogging  in 
lumps.  This  may  be  detected  by  rolling  a  marble  a  size 
smaller  than  the  pipe  through  its  entire  length,  or,  if  pos- 
sible, by  looking  through  it.  The  quality  of  the  galvanizing 
may  be  observed  by  bending  the  pipe  at  an  ordinary  tem- 
perature, to  an  easy  bend.  If  the  galvanizing  is  good  it  will 
remain  intact.  Galvanized-iron  pipes  are  liable  to  be  quite 
brittle,  but  this  brittleness  docs  not  seem  to  affect  the  du- 
rability of  the  pipe.  The  ductility  of  galvanized-iron  pipes 
is  less  than  that  of  black  iron,  and  sometimes  is  so  low  that 
if  the  pipe  is  bent  successfully  it  can  not  be  bent  back 
without  breaking. 

700.  In  ^vrousHt-lron  pipe  (black)  the  welded 
seam  which  runs  the  whole  length  of  the  pii)c  should  be  ex- 
amined. A  good  welded  seam  is  scarcely  visible,  and  the 
pipe  should  have  a  smooth  external  and  internal  surface. 
The  pipes  should  be  straight  and  the  threads  cut  clean. 

707.  Wooden  plpeH  should  be  examined  for  knots, 
splits,  and  cross-grained  wood,  as  these  weaken  the  tube. 

708.  CaMt-lron  drain  and  soil  pipes  should  be  ex- 
amined for  sand  holes  in  the  metal  or  splits  in  the  pipe.  A 
fracture  can  be  detected  by  tapping  the  pipe  with  a  chisel 
or  small  hammer.  If  the  pipe  is  sound  it  will  ring  clearly 
when  struck,  and  if  cracked  it  will  give  a  dull,  harsh  sound. 

Sometimes  the  core  will  shift  when  a  pipe  is  being  cast, 
particularly  if  the  pipe  is  cast  horizontally,  in  which  case 
the  core  is  liable  to  rise  in  the  middle.  This  will  cause  the 
metal  to  be  thicker  at  the  bottom  than  at  the  top  of  the  pipe. 
Irregularities  in  thickness  can  be  detected  by  irregularities 
of  the  sound  when  rapped  with  a  hammer  at  various  points. 

Flag's,  or  places  where  the  metal  has  not  flowed  together 
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and  become  properly  united,  can  be  detected  by  sounding  the 
pipe  with  a  hammer  or  by  its  appearance. 

709.  Earthen  drain  pi  pen  are  liable  to  warp  and 
twist  in  firing.  They  should  be  examined  for  an  equal  cal- 
iber, smooth-glazed  internal  and  external  surface,  and  par- 
ticularly for  cracks  around  the  back  of  the  socket  and 
irregularities  within  the  socket.  Pipes  having  broken  or 
crooked  sockets  should  be  rejected. 

710.  Fittins:^  for  ^vroustit-iron  and  brasH  pipe 

should  be  inspected  for  sand  holes  and  flaws,  and  it  should 
be  seen  that  the  screw  threads  are  deep  and  full. 

71  !•  Fittingfti  for  cast-iron  drain  pipes  should  be  ex- 
amined for  sand  holes,  splits,  and  other  flaws,  and  for  lumps  and 
other  obstructions  to  the  free  flow  of  sewage  through  them. 

712.  Fittings  for  earttien  pipe  should  be  examined 
for  irregularities  in  cross-section,  or  caliber,  cracks,  protru- 
ding pieces  of  salt  glaze,  abrupt  turns,  etc.  The  sockets 
should  be  examined  to  see  that  they  are  round  and  of  proper 
depth.  

TOOLS. 

713.  The  tools  commonly  used  for  plumbing  are  as 
follows: 

The  band  sa'w  shown  in  Fig.  158  is  used  for  cut- 
ting leaden  pipe,  wood,  etc.     It  should  have  a  blade  about 


...  .       ,1 


Fi(..  in«. 

IG    inches  long,  and    should    have-  coarse    teeth  upon    one 
edge  and  fine  teeth  on  the  other. 

714.     The  hack    sa^-  shown    in   Fig.    1.59  is  used   for 
cutting  all  metals  except  hard  steel.     The  blade  B  is  held 
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in  place  by  the  small  pins  a  and  ^,  located,  respectively, 
in  the  shank  of  the  handle  and  the  threaded  pin  D,  Blades 
for  hack  saws  are  of  two  different  kinds — hard  and  tctn- 
percd.  The  hard  ones  may  be  used  for  cutting  all  metals 
except  hard  steel,  but  it  is  better  to  use  them  only  on  the 
harder  metals,  such  as  cast  iron,  wrought  iron,  soft  steel, 


ffl 


pat 


Fig.  150. 

etc.  The  tempered  blades  are  used  only  for  cutting  the 
softer  metals,  such  as  lead,  zinc,  and  brass,  either  in  bars, 
sheets,  or  tubes.  The  hard  blades  break  very  easily,  and 
extreme  care  must  be  taken  when  using  them  to  move  the 
saw  back  and  forth  without  hugging  the  sides  of  the  metal, 
as  the  least  twist  will  break  the  blade.  A  new  hard  blade 
should  never  be  used  for  cutting  thin  tubes  and  sheets, 
as  this  will  break  out  the  teeth  quite  rapidly.  It  is  better 
to  use  a  half  worn-out  blade  in  such  cases. 

715.     Ra»p»  are  chiefly  used  for  beveling  sheet   lead 
and  pipe  when  preparing  them  for  soldered  joints. 

716.  Files  are  used  for  shap- 
ing brass  and  iron,  and  for  clearing 
the  oxide  from  the  soldering  bits. 
A  convenient  size  is  a  12-inch 
bastard  cut  file. 

717.  The  tap  borer  shown 
in  Fig.  U)0  has  a  short  conical 
bit  a  sharp  on  both  edges,  by 
which  holes  may  be  made  and 
opened  out  in  lead  pipes  or  sheets. 
The  bit  should   be  quite  short  so 

''"'•  ^^'^''  that  the  point  will  not  strike  the 

back  of  a  pipe  when  making  a  hole  in  the  front  side  of  it. 
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718.     The  bcadInK  pin  sliuwn  in  Fig.  101  'm  made  'if 


Flo.  Ifll. 

Steel,  and  is  used  for  curving  small  pipe,  and  for  working 
lip  the   edges    of   holes   which 
have  been   bored  with   the  tap 
borer,  etc. 

719.  The  turn  pin  shown 
in  Fig,  lti8  is  a  ciine  made  of 
boxwood,  and  is  used  for  ex- 
panding the  ends  of  lead  |)ipe. 

720.  The    wbuvc   hook   shown   in  Fig. 
^of  a  steel   blade   .1,  beveled    to   an  edge   all 

.ecured  to  aci 
1  handle.    They  a 
I  of    many  shapes;    that 
shown  in  the  figure  is 
for  general  use. 

721.  Solduring 
blttt  are  I'f  two  forms, 
the  pohiltii  bit,  shown 
in  Fig.  1C4,  and  the 
katchet  bit,  shown  in 
Fig.  -^(13,  Art.  782. 
They  consist  of  a  block 
of  copper  A,  which  is  secured  to  a  convenient  handle.     The 


722.     The  drcHiwr  sho' 


Fig.    IIJ5  is  made  of  box- 


irood.     h  is  used  for  working  sheet  lead  and  lead  pipe.   Iron 


leing  harder  than  ltr;i(l,  tooi£ 


ade  ijf  this  melal  mark  and 


I  lead;  consequently,   wooden   tools  are  used  instead 
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of  iron  ones  for  hammering  or  beating  lead  into 
shapes 


723.     The  tank  iron  shown   in    Fig.  100  la  a  valuable 

assistant  in  maintaining  the  heat  which  is  required  in  making 
large  wijjed  joints,  and  in  wiping  the  seams  in  lead-lined 
tanks,  etc. 


724.      In  Fig.  Hi?  is  shown  a  cross-section  of  a  icasollae 

torch  which  is  extensively  used  by  plumbers  for  applying 
heat  to  heavy  brass  or  copper  bodies  before  wiping;  also  for 
maintaining  a  working  hcjit  on  large  wipe  joints  or  tank 
seams,  and  for  thawing  frozen  pipes,  etc.  It  is  a  very  handy 
tool,  and  should  bo  in  every  jduniber's  shop. 

It  consists  of  a  brass  chamber  or  body  «,  having  a  filling 
h<ile  at  ii,  which  can  be  made  air-tight  by  a  movable  brass 
screw  plug  and  soft  rubber  washer.  Near  the  bottom  and 
passing  through  the  body  a  is  an  air  jnimp,  the  cylinder  cof 
which  extends  into  it  as  shown.  The  inner  end  of  the 
cylinder  has  a  small  hole  in  its  center,  against  which  a  soft 
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tlbber  washer/is  forced  by  the  springy,  which  moves  in  a 
Ibrass  cylindrical  guide  It.  perforated  around  its  inner  end  as 
,  The  perforated  tube  i  holds  the  cylinder  i-  of  the 
r  purap  rigid  so  that  the  valve/may  always  find  its  proi>er 
The  piston  rod  r  of  the  air  pump  is  h  hollow  brass  rod 
ftving  a  brass  knob  or  handle  screwed  on  its  outer  end  and 
I  piston  which  forms  a  single-acting  valve  on  its  inner  end. 
ffhis  piston,  or  single-acting  valve,  consists  of  a  soft  cup 
iather  d,  held  in  position  by  the  cylinder  r  and  by  a  small 


brass  chamber  as  shown,  which  encloses  a  sioft  rubber  safety 
Iralve  /,  held  against  lis  scat  by  a  spring  /■,  the  tension  of 
Ivhich  is  greater  than  that  of  the  springy.  The  cast  brass 
iurn«r  /  is  attached  to  the  lamp  chamber  a  by  a  J-inch 
Irroagbl-iron  tube,  in  which  a  lamp  wicic  filter  r  is  placed. 
Phe  burner  is  secured  by  a  brass  slay  u  riveted  l-i  the  top 
A  needle  valve  composed  of  a  wooden  knob  v  attached 
>  a  steel  needle-pointed  stem  fits  a  small  Imlc  at  »i.  A 
kst-iron  cup  n  is  attached  to  /,  and  a  perforated  wrought- 
P.    ll.-i 
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iron  cylinder/  having  a  large  oval  hole  o  is  also  attached 
to  /. 

The  chamber  a  of  the  torch  is  nearly  filled  with  gasoline 
having  a  specific  gravity  of  about  .76  through  the  filling 
hole  ^,  which  is  then  sealed  air-tight  with  the  screw  plug. 
The  piston  rod  of  the  air  pump  is  then  operated.  While 
the  rod  is  being  pulled  out  the  soft  cup  leather  will  collapse 
sufficient  to  allow  air  to  enter  the  inner  end  of  the  pump 
cylinder.  When  the  piston  is  pushed  in,  this  air  will  be 
compressed,  and  when  it  attempts  to  return  by  way  of  the 
cup  leather  it  will  expand  the  leather  against  the  sides  of 
the  cylinder;  it  then  opens  the  valve /and  escapes  into  the 
gasoline  chamber  ^,  where  it  rises  to  the  top  as  shown,  and 
increases  the  pressure  in  a.  When  the  pressure  in  a,  added 
to  that  exerted  by  the  spring  g,  equals  the  force  exerted  by 
the  spring  k^  the  safety  valvey  will  open  and  allow  the  air 
to  be  forced  through  the  piston  rod  and  out  of  the  holes  /,  /, 
thus  making  it  impossible  to  raise  the  pressure  in  a  to  a 
dangerous  point..  When  sufficient  air  has  been  pumped  into 
a  the  pin  s  near  the  knob  is  pushed  inside  the  cap  w  through 
the  small  hole  in  it,  and  the  knob  given  one-half  turn.  The 
pin  will  then  keep  the  piston  rod  in  place  and  prevent  its 
being  broken  or  otherwise  injured.  If  the  needle  valve  be 
now  opened  by  turning  the  knob  2'  to  the  left  the  liquid 
gasoline  will  be  forced  out  of  ;;/  by  the  compressed  air  in  a. 
If  the  valve  is  opened  a  little,  the  liquid  will  flow  into  the 
cup  «,  but  if  it  is  opened  too  much  it  will  squirt  out  of  the 
orifice  g.  When  the  cup  ft  is.  full,  close  ;//  and  ignite  the 
liquid  in  ;/,  which  will  burn  with  a  smoky  yellow  flame  and 
heat  the  burner  and  convert  the  liquid  into  a  vapor.  When 
the  burner  is  hot  enough,  that  is,  when  the  liquid  in  ;/  is 
nearly  consumed,  open  ///;  the  gasoline  vapor  will  ignite, 
and  an  intensely  hot  flame  will  be  ejected  from  the  orifice  q. 
That  part  of  the  burner  within  the  wrought-iron  cylinder/ 
conducts  heat  to  the  gasoline  contained  in  the  space  x  of 
the  burner,  and  thus  maintains  a  temperature  sufficient  to 
vaporize  the  liquid  before  it  reaches  the  needle  valve.  Air 
entering  the  hole  o  and  the  perforations  in  /  mixes  with  the 
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vapor  aad  causes  it  to  burn  with  n  pale  t>lue,  smukclcss  and 
nun-luminous  flume. 

The  filler  r  fulfils  a  double  purpose.  It  prevents  dirt 
from  entering  the  needle  valve,  and  also  prevents  a  back 
passage   of   flame   to  the  gasoline   ch.imlicr,   wiiiih    wmild 


Rcrwisc  be  liable  to  cause  an  explosion  when  the  oil  is  low 
the  compressed  air,  which  is  highly  saturated  with 
Mtline  vapor,  is  forced  out  of  the  burner. 
^Thc  most  desirable  forms  of  gasoline  torches  are  those 
*ich  have  their  burners  so  consiructcd  (hollow)  that  the 
hsolinc  must  pass  through  their  hot  parts  and  Itecomc 
i^iioriKed  lieforc  it  reaches  the  needle  valve  opening,  even  if 
■c  torch  fliime  is  reduced  down  very  small, 


I   72S.     The    blowpipe    show 

kpcrinK  lube,  terminating  in  a 

]ly  made  of  brass,  and  the  end 

Bving  the  smaller  diiimctcr  is 

ineralty    turned    at    about   a 

;ht  angle  to  the  body  of  the 

Ifpe.     These  pipes  are  used  in 

■nnection    with    an    alcohol 

pmp   made   for   the   purpose, 

Kiwn  in  Fig.  lun,  the  nir  hcing 

ilpplied  from  the  mouth  of  the 

;rat"r. 
fThe  knack  of  keeping  up  a 
ntlnuous  blast  and  lireathing 
ttly  while  doing  so  is  easily 
iqatred.  It  consists  brielly 
breathing  solely  through 
[  nostrils;    the  checks   being 


ilendcr. 
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expanded  to  their  full  capacity  are  then  contracted  by  mus- 
cular force  so  that  they  operate  as  a  bellows,  while  the  lungs 
are  taking  in  air.  The  ordinary  blowpipe  is  used  for  light 
soldering,  where  the  copper  bit  is  too  clumsy. 

726.  The  ladle  is  shown  in  Fig.  170.  It  is  used  for 
pouring  solder  in  joint-wiping,  and  pouring  lead  in  making 
joints  in  cast-iron  pipes.     For  convenience  it  should  have 


Fig.  170. 

three  lips,  so  that  its  contents  can  be  poured  to  the  right, 
left,  or  ahead,  and  thus  work  readilv  in  all  situations. 

7  7  «^ 

727.  The  solder  pot  is  made  of  cast  iron,  and  for 
ordinary  jobs  it  should  hold  about  15  pounds  of  melted 
solder. 

728.  Wiping:  clottis  are  made  of  moleskin  cloth  or 
bedticking,  of  all  sizes  and  thicknesses.  They  may  be  made 
by  the  workman,  or  may  be  purchased  from  dealers  in 
plumbers'  supplies. 

The  sizes  commonly  used  are  about  as  follows: 

For    Y  ^"^    V  pipe,  3^  X  4    inches,  C  layers  of  cloth. 
For  1"    pipe,  4    X  4.V  inches,  8  layers  of  cloth. 

For  H"  and  1.^''  pipe,  4]:  X  4i  inches,  S  layers  of  cloth. 
For  2"    pipe,  4^  X  5     inches,  8  layers  of  cloth. 

For  3''    pipe,  5    X  (J     inches,  8  layers  of  cloth. 

For  V    pipe,  G    X  7    inches,  8  or  10  layers  of  cloth. 

By  practice,  however,  the  plumber  soon  decides  upon  the 
proper  size  of  cloth  best  adapted  to  his  methods  of  solder 
manipulation. 
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729.  Fire  pots  are  made  of  various  forms,  to  suit  dif- 
ferent fuels.  Large  iron  chaffers  arc  specially  designed  for 
burning  soft  coal.  Fire  pots  iov  charcoal  fuel  ^m  commonly 
made  of  sheet  iron,  but  they  do  not  last  long. 

In  Fig.  171  is  shown  a  cast-iron  charcoal  fire  pot 
specially  adapted  to  heating  pots  of  solder  or  lead.     Char- 


Fk;.  171. 


coal  fire  pots  should  be  so  constituted  that  the  fire  can  be 
smothered  when  not  in  u.se. 

Care  must  always  be  taken  to  protect  the  floor  under  a 
fire  pot  from  being  scorched  or  set  im  fire.  Charcoal  is  a 
convenient  fuel  to  use,  but  it  has  drawbacks  that  must  not 
be  overlooked.  It  will  throw  sparks  and  pieces  of  red-hot 
coals,  which  are  liable  to  set  the  building  on  fire.  Currents 
of  air  or  a  puff  of  wind  will  carry  the  sparks,  which  may  do 
great  damage. 

The  unburned  charcoal  is  liable  to  be  trodden  into  the 
floors,  thus  disfiguring  and  injuring  them.  It  gives  off 
large   quantities  of    carbonic  acid  gas  while  burning,   and 
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makes  it  necessary  to  ventilate  very  freely  the  room  in  which 

it  is  used. 


730>     In  Pig.  172  is  shown  a  cross-section  of  a  gasoline 
fire  pot  extensively  used  by  plumbers  for  heating  solder  and 


lead  pots,  soldering  irons,  etc.  It  is  easily  carried  around, 
is  clean  in  operation,;uid  is  perfectly  safe  if  handled  intellj. 
gently.  It  has  largely  superseded  the  charcoal  fire  pot, 
particularly  in  jobbing  work.  It  is  composed  of  an  oil  tank 
A  made  of  steel  or  sheet  iron,  having  a  strong  (■«/-f,v/bottom. 
A  feed  tube  O,  having  a  needle  valve  D  and  a  cast-iron  cup 
£,  is  screwed  to  the  top  of  the  tank  A.     The  feed-pipe  is  also 
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vprovided  with  a  wick  filter  similar  lo  the  feed-pipe  of  Fig.  167. 
■It  is  absolutely  necessary  that  every  gasoUnc  fire  pot  and 

■  ton:h  hiive  a  suitable  filter  as  a  safeguard  t(»  prevent  the 
Eflame  from  flying  back  into  the  oil  tank.  A  cast-iron  mixing 
I  chamber  B  is  secured  by  holts  to  the  bottom  plate  of  the  fire 

chamber  C,  which  in  turn  is  supported  upon  the  top  of  A 
Iby  three  or  fuur  iron  bolts  A' 

The  fire  chamber  has  cast-iron  sides,  a  cast-iron  door  / 

■bingcd  at  Af,  and  a  cast-iron  ci)vc;r  H  hinged  at  N\  also, 

Ithrce  or  four  iron  lugs  /,J,  so  situated  as  to  support  the 

^•(ilder  pt>t  at  a  distance  of  about  ^  inch  above  the  grating. 

KA  sheet-iron  shield  L  encircles  the  burner,  mixing  chamber, 

»nd  oil  cup.     A  needle  valve  F\s  also  screwed  into  a  special 

)ckct  piece  brazed  on  the  chamber  A,  and  is  connected  by 

1  rubber  tube  to  a  rubber-bulb  air  pump  G,  whirh  has  an 

[inlet  check-valve  at  a  and  an  outlet  check-valve  at  /'.     The 

'Operation  of  the  furnace  is  similar  to  that  of  the  gasoline 

Vtorch  already  explained. 

When  the  rubber  bulb  G  is  squeezed  flat  with  the  hand, 

ihe  air  it  contains  is  forced  through  the  check-valve  b,  rub- 

lier-tube  connection  and  needle  valve  F  into  A.     When  the 

Kpressure  of  the  hand  is  relieved,  the  check-valve  li  will  close. 

■  The  pressure  of  the  atmosphere  will  cause  the  air  to  enter 
Kthe  bulb  through  the  check-valve  at  a,  forcing  the  bulb  to 

issurac  its  natural  form,  and,  by  another  flattening  of  the 
^tilb,  the  air  wilt  be  forced  into  A.  In  this  manner  the 
■pressure  in  A  is  increased  until  it  is  impossible  to  raise  it 
Klligher  with  this  form  of  a  pUmp.  Care  should  be  taken  not 
■to  attach  any  more  powerful  air  pump  to  the  oil  chamber,  as 
^t  iH  usually  constructed  just  strong  enough  to  suit  the 
Jrubber-bulb  pump,  and  is  not  provided  with  a  safety  valve, 
Ita  prevent  an  excess  of  pressure. 

When  the  needle  valve  D  is  opened,  liquid  gasoline  will 
now  into  Ji  and  drop  into  the  cup  li. 

When  E  is  full,  H  is  closed  and  the  liquid  in  E  is  ignited, 
lieating  the  burner  and  mixing  chamber  B.  When  the 
wline  in  E  is  all  consumed  and  the  flame  extinguished,  D 
B  opened  and  the  gasoline  vapor  ignited  as  it  enters  the  fire 
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chamber  C,     If  the  proper  proportion  of  air  is  admitted  at 
the  lower  orifice   of   the  mixing  chamber  i?,   the   gasoline 
vapor  burns  with  a  pale  blue  and  smokeless  flame,  which  is  \ 
intensely  hot.  \ 

If  the  flame  appears  languid  and  yellow,  it  shows  that  the   *^ 
supply  of  air  is  deficient — probably  the  air  inlet  is  choked    * 
with  dirt  or  soot.     If  the  burner  puffs  and  blows  back  to 
the  point  of  the  valve  and  burns  there,  it  indicates  that  too 
much  air  is  admitted  in  proportion  to  the  amount  of  gasoline 
vapor  which  is  generated  in  the  burner. 

It  is  necessary  that  the  gasoline  be  completely  vaporized 
before  it  reaches  the  burner,  and  that  it  never  passes 
through  the  burner  as  a  liquid,  nor  even  as  a  mixture  of 
gas  and  liquid. 

The  needle  valve  D  is  maintained  at  the  proper  temper- 
ature to  vaporize  the  gasoline  in  various  ways.  The  one 
shown  in  the  figure  is  maintained  by  the  heat  radiated  from 
the  hot  plate  which  forms  the  bottom  of  the  fire-box  and  by 
protecting  it  from  cold  drafts  by  the  shield  Z;  this,  how- 
ever, is  too  uncertain  and  is  not  recommended.  In  the  best 
forms  of  gasoline  furnaces  the  feed  tube  passes  around  or 
through  the  flame,  so  that  if  the  flame  should  be  turned 
down  low,  sufficient  heat  will  still  be  absorbed  to  convert 
the  gasoline  into  vapor  before  it  reaches  the  burner. 

73 !•  The  danger  to  be  feared  in  using  gasoline  fur- 
naces is  that  the  gasoline  may  reach  the  burner  in  the  liquid 
state  instead  of  in  the  condition  of  vapor.  For  instance,  if 
a  pot  of  solder  is  put  on  to  be  heated,  and  the  workman 
is  called  away  temporarily,  to  prevent  the  solder  from  burn- 
ing while  he  is  gone  he  turns  the  flame  down,  but  not  out. 
The  burner  thus  cools  off  considerably,  and,  in  consequence, 
fails  to  vaporize  the  entire  amount  of  the  gasoline  which 
comes  up  through  the  feed  tube,  and,  therefore,  some  liquid 
gasoline  passes  through  the  burner,  which  is  ignited.  It 
expands  enormously  when  burning,  running  over  the  edges 
of  the  cup  E^  down  onto  the  oil  chamber  A^  and  onto  the 
floor. 
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The  heat  from  this  burning  liquid  rapidly  K^neratcs  ])ri;s- 
siire  in  the  chamber  A,  which  drives  more  gasoline  through 
the  burner.  If  not  promptly  extinguished,  the  fli>or  will  be 
flooded  with  burning  gasoline,  and  the  pressure  will  prob- 


ably rise  so  high  in  A  that  it  will  exj)lode.  The  fumes  of 
gasoline  rapidly  mix  with  the  air  of  the  room  and  form  an 
explosive  mixture,  and  the  result  is  not  only  an  explosion 
of  the  apparatus,  but  usually  a  ccmflagration  of  ■ 
the  building. 

Therefore,  do  not  leave  a  gasoline  fire  pot 
while  it  is  burning;  if  you  must  go  away,  ex- 
tinguish it  first. 

732.     Pipe     wrencheH    similar     to     that 
shown   in  Fig.  1?:!  are  used  for  gripping  iron 
pipes  or  other  round  bodies,  such  as  bolts,  etc._ 
and  form  a  lever  by  which  the  workman  tan 
turn  the  pipe  or  bolt  into  fittings,  etc.     The 
jaws  a  and  i  of  these  wrenches  have  teeth,  as 
shown,  which  are  caused  to  grip  a  round  Imdy 
placed  lM;tween  them    by    turning   the    niit    f. 
The  wrench   is  turned  in  the  directi'ni  slmwn 
by  the  arrow,  and  the   more   force  retjuired  to 
turn  it  the  tighter  will   the  jaws  gr 
placed   between  them.      This  fnrni  < 
most  suitable  for  pipes   having  dia 
than  ;i  inches.     Fur  larger  j>ipcs  tli 
chain  toniEH  shown  in  Fig.  174  are  i] 
This  consists   of   two   jaws   a   and 
sharp  teeth  on   biith   siilcs,   firmly 
one  end  of  a  long  bar  "f  iron  or  handle  <■  as 
shown.      Between  the  jaws  at  f  is  fastened  one 


urc<i  ti 
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chain  b.  When  the  tongs  is  to  be  applied,  the  chain  is  passed 
around  the  pipe  as  shown,  and  its  loose  end  is  slipped  into  a 
link  socket  at  d.  The  handle  e  is  then  pulled  in  the  direction 
of  the  arrow,  which  causes  the  pipe  to  turn  with  it. 

733.  Pipe  vises  are  used  for  holding  a  pipe  rigid 
while  the  pipe  is  either  being  cut  or  having  a  thread  cut  on 
its  end.  A  common  form  of  pipe  vise  is  shown  in  Fig.  175, 
in  which  two  hardened  steel  jaws  a  and  a'  having  teeth  are 
made  to  grip  the  outer  surface  of  a  pipe  placed  between 
them  by  turning  the  handle  and  thus  operating  the  screw. 
The  vise  is  secured  to  a  work  bench  or  some  other  solid 
support  by  means  of  either  lag-screws  or  bolts  and  nuts.  In 
the  figure  the  vise  is  shown  to  be  open,  that  is,  the  upper 
frame  //  is  swung  up  around  the  center  e,  which  forms  a 
hinge.  When  it  is  to  be  used  d  is  swung  down  and  is  secured 
by  the  pin  f.  Pipe 
vises  are  made  of 
malleable  iron  and 
steel,  and  the  teeth  of 
both  the  pipe  vises 
J  and  pipe  wrenches 
should  be  kept  sharp. 
If  they  become  too 
dull  they  will  slip  and 
cut  a  furrow  around 
the  pipe,  and  thereby 
weaken  it;  besides,  it 
conveys  the  impres- 
sion of  bad  workman- 
ship. 

734.     Pipe   cut- 

turs  are    tools   used 
for  cutting  wrought- 
'''"■  ^™-  iron  pipes.  These  cut- 

ters are  made  of  variiais  shapes  and  sizes.  A  very  common 
form  of  pipe  cutter  is  shown  in  Fig.  ITii,  which  is  called  a 
three-wlieel  cutter.     In   this  two  knife-edge  hardened 
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Itcel  wheels  a  and  b  are  pivoted  to  a  malleable-iron  casting 

\ty  and  a  third  d  to  an  arm  e,  which  in  turn  is  hinged  at  about 

he  center  of  the  casting  c,  as  shown.     The  other  end  of 

Jie  casting  c  is  provided    with  a  long  boss  and  is  tapped 

foul  to  receive  a  handle/,  so  that  by  turning  this  handle  the 

irheel  </and  the  arm  c  may  be  caused  to  move. 

In  cutting  a  pipe  it  is  first  secured  in  the  pipe  vise,  and 

(then  the  cutter  is  slid  over  the  pipe,  and  thewhecls«,  b,  and 

'.  pressed  against  it  by  turning  the  handle  f.     This  causes 

Ithc  wheels  to  sink  into  the  softer  metal  which  forms  the 

|iipo  and  spread  the  molecules  apart  without  cutting  out, 

;iitter   is  then  pulled  by  its  handle  /  around  the  pipe, 

irhich  causes  the  wheels  a,  b,  and  d  to  revolve,  and  thereby 

%  deep  groove  around  the  pipe.     After  the  cutler  has 

wen  pulled  around  the  pipe  a  few  limes  the  handle  f  is 

iirned  a  trifle  more,  and  the  cutter  is  then  pulled  around  the 

|lipe  as  before.     This  is  continued  until  the  pipe  is  cut.     Oil 

ihould  be  used  freely  in  cutting  pipe,  and  the  wheels  of  the 

utter  should  be  kept  sharp,  since,  if  their  edges  are  dull 


khcy  will  not  wedge  apart  the  metal  forming  the  pipe,  but 
will  force  part  of  it  inwards,  thereby  reducing  ihc  liore  of 
JiK  pipe  at  this  point  by  forming  an  nrris  or  burr  which  will 
reduce  the  flow  of  water  through  the  pipe. 

73fi>  Hcameri*  are  used  chiefly  to  remove  the  burrs 
n  the  cut  enils  of  pipes.  These  tools  are  conical  In  shape, 
nd  if  Ihcy  arc  properly  proportioned  to  facilitate  easy  entry 
f  water  into  ihe  pipe,  that  is,  to  overcome  the  efl^ects  of 
Ihc  contracted  vein,  the  length  of  the  reamer  or  the  altitude 
f  the  cone  will  be  twice  the  diameter  of  the  base,  as  shown 
I  Pig.  177. 
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Tfie  convex  surfaces  of  reamers  are  formed  into  a  series 
of  sharp  teeth  converging  towards  the  apex.  By  pressing 
the  reamer  into  the  orifice  of  the  pipe  and  revolving  it,  the 
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teeth  cut  off  the  burr  and  form  the  internal  surface  at  the 
orifice  into  a  frustum  of  a  cone. 

736.  Stocks  and  dies,  shown  in  Fig.  178,  are  used  for 
cutting  threads  over  the  ends  of  wrought-iron  and  brass 
pipes.  They  are  made  of  various  shapes  and  sizes.  The 
dies  {a)  and  (<^),  also  shown  in  the  sectional  view,  are  those 
parts  which,  on  being  pressed  against  the  plain  end  of  the 
pipe  and  revolved,  by  means  of  the  stocks  in  which  they  are 
held,  will  take  hold  and  cut  a  V-shaped  screw  thread  over 
the  end.  Dies  are  either  so/id  or  adjustable.  Th^  solid  die 
is  generally  used  only  for  small  pipes,  and  the  adjustable 
for  the  larger  ones.  Two  forms  of  solid  dies  considerably 
used  are  shown  at  (ci)  and  (/;)  in  the  figure;  (a)  is  made 
of  one  piece  of  tool  steel  having  four  sets  of  cutting  edges  a^ 
as  shown,  and  (/;)  is  made  of  malleable  iron  except  the  teeth 
or  ehasers  a,  which  are  of  tool  steel  and  set  in  the  malleable- 
iron  frame  as  shown.  The  die  (/->)  admits  of  the  renewing  of 
the  teeth  or  chasers  when  they  are  worn,  and  is  used  for 
somewhat  larger  pipes  than  (a). 

Dies  vary  in  thickness  with  the  diameter  of  pipe  to  be 
threaded,  being  thinner  for  the  smaller  pipe.  Solid  dies  cut 
the  full  depth  of  the  thread  by  one  operation,  which  wears 
them  out  rapidly,  and  on  the  larger  sizes  of  pipes  makes  it 
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they  can  be  opened  or  closed  to  cut  a  thread  on  a  number 
(  diflfcrent  sizes  of  p\\ie.  also  to  cut  out  a  little  of  the  thread 
pt  a  lime  or  to  cut  a  thread  by  a  number  of  operations 
istead  of  by  one,  as  the  solid  die  does. 

737.  The  ill«  stock  shown  in  perspective  at  (i.)  and  in 
tion  at  (rf).  Fig.  ITf*,  is  that  part  which  holds  the  die  solid 
111  :it  right  imglirs  to  the  axis  of  the  pipe  on  ihr  end  of 
|rhich  a  thread  is  to  be  cut.  It  consists  of  two  iron  bars  or 
Mindles  A  and  r  screwed  into  a  malleable-iron  casting  if,  in 
bhich  the  die  is  placed  as  shown  at  a  in  the  sectional  view  {if). 
Fhat  part  of  the  easting  (/  whirh  is  slijiped  over  the  end  of 
ae  pipe  is   supplied  with    a  guide  e,   which    moves  in  a 
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threaded  socket,  the  threads  of  which  have  the  same  pitch 
as  those  of  the  thread  to  be  cut  by  the  die.  The  guide  is 
provided  with  three  or  more  set-screws  /,  g^  etc.,  which, 
when  screwed  down  on  the  pipe,  rigidly  clamp  it  and  pre- 
vent the  guide  from  turning,  and  when  the  stock  is  revolved 
they  at  the  same  time  pull  the  die  against  the  end  of  the 
pipe  on  which  the  thread  is  to  be  cut,  and  thus  give  it  a 
start  to  cut  the  thread.  It  is  evident  that  the  largest  diam- 
eter pipe  on  which  a  thread  can  be  cut  with  a  stock  is  one 
whose  outside  diameter  is  equal  to  the  diameter  of  the  hole 
in  the  guide.  To  facilitate  the  threading  of  smaller  pipes 
than  this,  a  bushing  h  is  used  whose  inside  diameter  is 
equal  to  that  of  the  pipe,  and  whose  outside  diameter  is 
equal  to  the  inside  diameter  of  the  guide,  the  bushing  being 
held  in  place  by  the  set-screws/,  g^  etc.  The  bushings  and 
dies  are  changed  according  to  the  diameter  of  the  pipe  to  be 
threaded. 

738.  Threads  on  pipes  two  inches  and  less  in  diameter 
are  usually  cut  with  the  ordinary  hand  stocks  and  dies 
shown  by  the  last  figure.  Those  of  larger  diameters  are 
usually  cut  with  special  threading  machines^  which  work  with 
a  crank.  The  power  on  the  handle  of  the  crank  is  multiplied 
by  gear-wheels  and  the  speed  of  the  dies  is  correspondingly 
decreased.  In  cutting  threads  on  wrought-iron  pipes, 
machine  oil  should  be  freely  poured  on  the  pipes  at  the 
points  where  the  dies  are  cutting.  This  cools  the  pipe  and 
the  teeth  of  the  dies,  and  also  lubricates  the  parts.  It 
prevents  the  pipe  from  overheating  and  expanding,  and 
the  dies  from  losing  their  temper  and  becoming  soft  and 
dull. 

When  it  is  necessary  to  thread  a  piece  of  pipe  which  is  too 
short  to  be  held  in  the  vise,  a  nipple  chuek\  or  nipple  holder^ 
is  used.  This  is  simply  a  pipe  coupling  screwed  over  the  end 
of  a  piece  of  pipe  long  enough  to  hold  in  the  vise.  The  short 
piece,  or  nipple,  should  be  screwed  into  the  coupling  until 
it  butts  against  the  end  of  the  longer  pipe,  as  this  prevents 
swelling  and  splitting  of  the  coupling. 
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« 

CUTTING  PIPE. 

739*  Wrought-iron  pipe  up  to  two  inches  in  diameter  is 
commonly  cut  by  means  of  the  wheel  cutter  already  described. 

The  cut  ends  should  be  examined  to  see  whether  any  cracks 
or  splits  have  been  started  by  the  cutting  operation. 

Pipes  that  are  to  be  screwed  into  flush  fittings  and  make 
butt  joints  must  have  their  ends  squared  after  they  have 
been  cut,  either  in  a  lathe  or  in  a  suitable  cutting-off  machine. 
Unless  the  end  is  perfectly  square  with  the  axis  of  the  screw 
thread,  it  will  be  impossible  to  make  a  good  joint  against  the 
shoulder  of  the  fitting  into  which  it  is  screwed. 

When  cutting  pipe  which  is  coated  internally  with  enamel 
or  glass,  great  care  should  be  taken  to  avoid  chipping  or 
cracking  the  coating  or  lining.  The  wheel  pipe  cutter  should 
not  be  employed  to  cut  this  class  of  pipe.  The  only  kind  of 
cutter  which  may  properly  be  used  is  one  which  cuts  like  a 
lathe  tool,  leaving  the  end  of  the  pipe  square  and  true,  and 
does  not  crack  or  peel  off  the  brittle  lining. 

The  larger  sizes  of  wrought-iron  pipe  should  be  cut  off 
either  in  the  lathe  or  by  a  cutting-off  machine.  When  they 
must  be  cut  by  hand  a  cape  chisel  or  %^vk%^  should  be  used 
to  cut  a  groove  around  the  pipe,  the  direction  of  the  hammer 
blow  being  nearly  tangential  to  the  surface  of  the  pipe.  A 
r^A/r///j/7  should  not  be  used,  because  the  direction  of  the 
blow  is  towards  the  center  of  the  pii)e,  and  the  pipe  is  so 
elastic  that  the  force  of  the  blow  is  largely  wasted.  It 
also  tends  to  crack  and  split  the  pipe. 

740.  To  cut  a  cast-iron  soil  pipe,  it  should  be  laid  upon  a 
mound  of  earth,  if  practicable,  rather  than  upon  a  stone  or 
block  of  wood.  Either  a  ca[)e  chisel  may  he  used  to  cut  a 
groove  around  the  pipe  or  a  thin  sharj)  cold  chisel  in  the 
manner  shown  in  Fig.  ITlK 

The  chisel  a  should  not  be  held  square  with  the  pipe,  but 
should  be  inclined  at  an  angle  towards  its  it\\i\^  the  object 
being  to  chip  a  V  groove  around  the  pipe.  At  every  blow  of  the 
hammer  the  chisel  should  either  he  shifted  or  the  pii)e  turned. 
Thus,  an  expansive  strain  is  set  up  all  around  the  pipe,  and 
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care  must  be  taken  that  the  strain  is  equal  throughout  the 


Fig.  179. 


entire  circumference,  otherwise  the  pipe  is  liable  to  crack  at 
the  point  of  greatest  strain. 


BENDING  PIPE. 

74 1  •     Lead  pipe  of  the  grades  A  A  A,  A  A^  A^  or  B  may 

be  bent  over  the  knee  or  over  a  rounded  block  without 
materially  distorting  the  circular  section  of  the  pipe  unless 
the  bend  is  a  very  short  one,  in  which  case  care  must  be 
taken  to  prevent  the  pii)e  from  kinking  or  flattening  side- 
ways. Large  pipes  and  those  made  of  thin  material  may  be 
bent  by  filling  them  with  dry  sand  and  thoroughly  ramming 
it  in  order  to  avoid  kinking. 

There  is  an  objection  to  bending  pipes  in  this  manner, 
however,  in  that  the  metal  forming  the  outer  curve,  or  heel, 
of  the  bend  is  stretched  and  made  thinner,  while  that  form- 
ing the  inner  part,  or  hass,  is  compressed  and  thickened. 
The  gain  of  metal  in  the  hass  is  slight  compared  with  the 
loss  of  metal  at  the  heel.  The  heel,  consequently,  is  the 
weakest  part  of  the  pipe.  Leaden  waste  pipes  having  a  diam- 
eter greater  than  two  inches  should  not  be  bent  with  sand 
unless  the  bends  are  very  easy. 

The  surplus  metal  in  the  hass  should  be  so  worked  around 
to  the  heel  of  the  bend  that  a  uniform  thickness  is  obtained. 
This  is  done  by  the  use  of  a  duiiiiny,  (^r  long  rod,  loaded  on 
one  end  with  coarse  solder,  as  shown  in  Fig.  180. 

A  sudden  jerk  downwards  on  the  end  A  will  throw  up  the 
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[fctled  end  li  with  great  velocity  and  will   drive  the  kink  C 
i  the  pipe  Dutwurils.     This  method  will  thicken  the  hass. 


Hit  the  he«l  will  remain  unchanged.     A  puod  mechanic  will 

f'drcsB"  the  surplus  material  around  tu  the  heel  and  niuke 
t  the  thickest  part  of  the  bend. 

742.     Fig.  ISl  shows  an  offset  made  on  a  piecenf  3-inch 
ad  waste  pipe,     The  bend  A  shows  that  the  sand  has  not 

•.fit 


'WO 


keen  properly  packed,  and  that  it  has  yielded  and  been  dis- 

laccd.     B  shows  a  bend  in  a  well-packed  pipe.     The  heel 

\  B  will  be  much  thinner  than  that  of  A. 

■The  wooden  sand  plugs  C  and  C  arc  driven  into  the  ends 

Tthe  pipe,  not  only  to  keep   in   the  dry  sand,  hut  also  to 

tve  more  leverage  in  bending  the  pipe  so  that  the  bend  can 

p  made  nearer  the  end.  which  is  often  desired,     IJy  hcat- 

[  the   sand   immediately   before   putting  it  in  the   pipe. 

pipes  can    be   bent   more  easily.     Another  method  of 

>rking  lead  waste  pipes  is  by  means  of  wooden  balls  called 
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743.  Fig.  182  shows  the  manner  of  doing  this.  After 
the  pipe  has  been  bent  in  the  usual  way  (over  the  knee  or 
block)  different  sizes  of  bobbins  are  inserted  after  having 
been  well  greased,  beginning  with  the  smallest  one  and  fol- 
lowing it  up  in  regular  order  with  the  larger  ones,  as  shown 
in  the  figure.  After  the  bobbin  b,  whose  diameter  is  the  same 
as  that  of  the  pipe,  has  been  inserted,  a  number  of  bobbins 
(7,  a,  called  the  foIlow^erB,  are  inserted  which  are  smaller  in 
diameter  than  that  of  the  pipe,  so  that  when  the  largest 


bobbin  b  is  driven  through  and  out  of  the  pipe  by  ramming 
the  bobbin  with  a  rod  c,  the  followers  will  drop  out  easily. 

If  heat  be  applied  at  the  throat,  as  at  (/,  it  will  soften  the 
lead  at  this  point,  and  thereby  cause  it  to  yield  more  easily 
to  the  outward  pressure  of  the  bobbins  and  cause  less  thin- 
ning of  the  heel,  particularly  if  the  heel  be  kept  cool  with  a 
wet  cloth.  The  superfluous  lead  on  the  sides  can  be  dressed 
back  to  the  heel.  This  will  somewhat  make  up  for  the  loss 
in  thickness  of  this  part  caused  by  the  pressure  of  the  bob- 
bins as  they  arc  driven  around  the  curve. 

Sometimes  a  close  steel  sprlnic  is  used  for  bending. 
This  is  well  greased  and  placed  inside  where  the  bend  is 
required,  but  the  result  is  a  thin  hi\l,  as  when  the  sand 
process  is  used. 
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744.  Ttiln  brass  or  copper  tuhlnfj^  should  be 
amiealed  before  bending,  as  this  softens  the  metal.  It  is 
annealed  by  heating  the  tube  to  dull  redness  and  then 
plunging  it  into  cold  water. 

To  bend  the  above  tubing,  first  fill  that  part  of  it  which  is 
to  be  bent  with  melted  resin  or  lead,  and  allow  it  to  cool; 
then  bend  it  over  a  curved  block  to  the  shape  desired.  In 
many  cases  sand  may  be  used  for  filling  the  tube. 

Thick  brass  or  copper  tubes  should  also  be  an- 
nealed, after  which  they  may  be  bent  as  directed  for  iron 
pipe. 

In  bending  brazed  pipe,  the  seam  should  be  kept  to  the 
inside  of  the  curve  so  that  it  may  not  be  stretched  and 
opened. 

Nickel-plated  brass  tubins^  should  not  be  bent,  be- 
cause the  nickel  plating  will  crack  and  peel  off.  Tubing 
which  must  be  bent  and  which  is  to  be  nickel  or  silver 
plated,  should  first  be  bent  and  then  plated. 

745.  Wrought-lron  pipe  should  be  heated  to  red- 
ness and  be  bent  while  hot  around  a  block  which  is  curved 
to  the  desired  radius.  The  block  should  be  i)r()vidc<l  with 
a  groove  upon  its  edge  which  exactly  fits  the  pipe  and  pre- 
vents it  from  spreading  sideways  or  kinking.  The  weld  or 
seam  of  the  pipe  should  be  always  kept  to  the  inside  of  the 
curve,  to  prevent  splitting  the  pipe. 


PIPE  THREADS. 

746.  The  majority  of  manufacturers  of  wrought-iron 
pipe  have  adopted  a  standard  called  the  Brl]B:){^s  standard 
system  of  screw  threads  for  pipes  and  fittings.  A  few  manu- 
facturers, however,  do  not  conform  to  it  strictly;  they  use 
12  threads  per  inch  instead  of  the  11^  threads  called  for  in 
the  table. 

To  make  perfect  joints  with  standard  fittings,  tlu*  threads 
should  be  cut  to  a  certain  distance  only  from  the  end  of  the 
pipe.     This  distance  is  stated  in  the  following  table: 
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TABLE 

32. 

OF     SCRBlBir 

THRBADS 

FOR      WROUG 

pipe:,briggs*  standard. 

Nominal 

Internal 

Diameter 

in  Inches. 

Number  of 

Threads  per 

Inch. 

Length  of 

Perfect  Thread 

in  Inches. 

i 

27 

.19 

i 

18 

.29 

f 

18 

.30 

i 

14 

.39 

i 

14 

.40 

1 

lU 

.51 

U 

IH 

.54 

H 

lU 

.55 

2 

IH 

.58 

^ 

8 

.89 

3 

8 

.95 

H 

8 

1.00 

4 

8 

1.05 

H 

8 

1.10 

5 

8 

1.16 

G 

8 

1.26 

All  pipe  ends  are  made  conical,  the  taper  being  }  inch  of 
diameter  per  foot  of  length. 


COCKS   A\D   VALVES. 

747.  Ground  key  or  plug  cocks  are  constructed  as 
shown  in  Fig.  183.  The  plug  />  is  turned  truly  circular, 
and  is  also  tapered  to  fit  the  conical  socket  C  which  is  bored 
or  reamed  in  the  body  of  the  cock.  Formerly  the  plug  and 
socket  were  fitted  to  each  other  by  grinding  with  emery,  and 
they  thus  became  known  as  ground  key  cocks.     The  plug  is 
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icld  in  place  by  means  of  a  screw  E  and  the  washer  D.  The 
nrasher  fits  over  a  squared  shoulder  on  the  small  end  of  the 
rplitg  so  that  they  turn  together,  as  otherwise  the  screw 
Vould  loosen  itself  every  time  the  plug  was  turned.     The 


iratcrway  through  the  plug  consists  of  a  rectangular 
llot  A,  and  the  corresponding  openings  in  the  side  of  the 

>cket  should  also  be  rectangular  and  of  the  same  width. 
The  tightness  of  the  cock  will  depend  upon  the  perfection 
of  the  fit  of  the  plug  and  socket  at  the  points  F,  F.    If  these 

irfaccs  are  narrow,  the  cock  will  soon  wear  and  become 
leaky. 

The  plug  being  of  larger  diameter  at  the  top  edge  of  the 
dot  A  than  at  its  lower  edge,  it  follows  that  there  is  a  dif- 
ice  of  area  between  the  top  and  bottom  of  the  slot;  con- 
sequently, the  pressure  of  the  water  within  the  pipes  tends 
lo  drive  the  plug  out  of  the  socket.  Thus,  if  the  area  of  the 
lottom  surface  of  the  slot  were  1  square  inch  and  that  of 
Jie  top  surface  of  the  same  were  IJ  inches,  the  difference  in 
irca  would  be  one-eighth  of  one  square  Inch.  Supposing  a 
rater  pressure  of  IdiJ  pounds  per  inch,  there  would  be  a 
tressure  of  JOO  pi^unds  upon  the  bottom  of  the  slot  tending 

'  hold  the  plug  in  place,  and  a  pressure  of  1121  pounds 
ipon  the  upper  end  of  the  slot  tending  to  drive  the  plug  out 
)f  the  socket.  Thus,  there  would  be  an  unbalanced  pres- 
Hire  of  12t  pounds  tending  to  lift  the  plug,  and  which  must 
le  resisted  by  the  screw  F..  This  is  a  matter  of  small  ac- 
Aunt  in  common  sizes,  but  in  large  cocks  it  becomes  a 
natter  of  importance. 
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Some  manufacturers  core  out  the  body  of  the  plug,  as 
shown  at  M  and  iV,  to  economize  metal.  Cocks  having  these 
cavities  should  not  be  used,  if  possible,  because  they  greatly 
obstruct  the  flow  of  water. 

Plug  cocks  are  either  constructed  with  a  lever  handle^  as 
shown  in  Fig.  183,  or  with  a  handle  in  the  form  of  a  T,  and 
known  as  a  tee  handle^  or  the  top  of  the  plug  is  shaped 
to  receive  a  wrench.  The  lever  handle  shown  in  the  figure 
is  most  commonly  used. 

748.  Plug,  or  ground  key,  bibbs  are  not  suitable  for 
water  which  carries  fine  sand  or  grit  in  suspension.  The 
fine  particles  of  sand  will  get  in  between  the  plug  and  the 
socket  and  cut  grooves,  thus  forming  small  waterways  and 
causing  the  cock  to  leak.  Neither  are  they  very  suitable  for 
high  pressure,  if  much  used,  because  of  the  unavoidable  wear 
and  tear  on  the  parts  whose  seats  have  been  ground,  which, 
under  a  high  pressure,  will  soon  leak.  They  are,  how- 
ever, suitable  for  low  pressure  if  the  water  is  free  from 
fine  grit. 

749.  Stop  and  i?vaste  cocks  are  a  variety  of  plug 
cocks,  having  a  small  hole  G  drilled  through  the  side  of  the 
plug  and  another  through  the  side  of  the  socket  at  //,  as 
shown  at  {A\  Fig.  183. 

The  plug  of  the  ordinary  ground  cock  can  be  given  a 
complete  turn,  but  the  plug  of  the  waste  cock  can  only  be 
given  a  quarter  turn.  This  is  accomplished  by  means  of  a 
pin  attached  to  and  projecting  from  the  plug,  and  moves  in 
a  groove  cut  in  the  top  of  the  socket. 

The  groove  only  occupies  the  space  of  one-fourth  of  the 
circumference,  and,  as  the  plug  can  not  travel  further  than 
the  pin,  the  cock  must  be  open  when  the  handle  is  in  one 
position,  and  closed  when  in  the  other. 

Care  must  be  taken,  when  placing  stop  and  waste  cocks 
upon  a  system,  that  the  draining  hole  G  is  on  the  proper  side. 
For  instance,  in  placing  a  stop  and  waste  cock  on  a  branch 
from  a  street  main  for  the  purpose  of  shutting  off  water 
from  a  building,  the  cock  must  be  so  attached  that  when 
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tout  the  opening  G  will  be  towards  the  building,  so  that 
I  the  pipes  therein  may  be  drained  at  that  poinl.  The 
lend  /  iif  the  stop  and  waste  cock  shown  at  {A)  in  Fig. 
I  183  would  be  connected  to  the  main,  and  K  to  the  house 
I  pipes. 


ally  constructed  as 

\  has  J  thrLi   wiy 


750>     Thrcc-way  cockti   are   U! 

I  shown  in  Fig.  1H4      Tht  I^ey    or  pUii 

[  channel  B    passing 

'  through     it     which 

1  can  be  made  to  com 

\  inunicate  with    lli<. 

I  openings  C.  D,  nnd 

\  H  Utr  the  pipe  cnn 

ncctions.      By  turn 

ing  the  key,  or 
1  plug,  /I,  communi 
I  cation  can  be  mudr 
I  between  C  nnri  P 
I  while  /i  is  shut  off; 

I  l«cween   /)   and   /;  ''"■  "^ 

I  ivhilc  C  is  shut  off;  between  C  and  /t  while  /J  is  shut 
I  ttff;  or  they  may  all  Ije  open  tu  one  another,  as  shown  in 
[  the  figure. 

751.  SwluK  cocks,  as  shown  in  Fig.  ISfi,  are  a  variety 
[  of  plug  cocks.  The  plug  A  is  stationary,  and  receives  the 
I  water  thnnigh  the  lower  end.  The  socket  B  is  provided 
f  with  a  suitable  nozzle  or  discharge  C,  and  can  be  turned  on 
I  the  plug. 

The  waterway  is  opened  or  closed  by  swinging  the  nozzle. 

L  The  form  of  swing  coirk  shown  is  called  a  6asin  siving  cixk. 

lit  is  attached  to  the  busin  top  in  such  a  manner  that  when 

Jie  noziflc  C  (wints  towards  the  center  of  the  liasin,  the  cork 

Brill  be  open,  and  when  tangential  to  the  circumference  of 

Jie  basin  the  cock  will  be  closed. 


752*      ItuicrltKlInK    I.witlc>* 

round  plug  cock  begins  lo  leak  ii 


PliiK 


Cocl*!..— When    a 
uially  cheaper  to  re- 
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place  it  with  a  new  one.  If  this  can  not  be  done  it  is  cus- 
tomary to  grind  it ;  that  is,  to  grind  down  irregularities  ex- 
isting between  the  external  surface  of  the  plug  and  the  in- 
ternal surface  of  its  socket,  so  that  these  surfaces  will  be  in 
equal  contact  throughout  their  area,  and  thus  prevent  water 
from  passing  between  them.  The  grinding  process  may  be 
done  as  follows :  Take  out  the  plug  of  the  cock  and  examine 
it  for  the   part  which  does  not  come  in  contact  with  the 


Fig.  186. 

socket.  This  part  will  be  dark  in  color,  and  the  bearing 
parts  bright  and  polished.  Then  sprinkle  fine  emery  or  pow- 
dered bath  brick  on  the  polished  parts  and  insert  the  plug  in 
its  socket.  Then,  with  the  hand,  partly  turn  the  plug  first 
to  the  right  and  then  to  the  left,  pulling  it  out  a  little  and 
pushing  in  again  at  the  points  where  the  motion  is  reversed. 
The  turning  motion  will  grind  down  the  prominent  parts  of 
the  plug  and  socket,  and  the  pulling  out  and  pushing  in  mo- 
tion, although  slight,  will  cause  a  uniform  film  of  grinding 
material  between  the  surfaces.  The  plug  should  be  occasion- 
ally dipped  in  water  and  resprinkled  with  emery. 
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753.     Compression  cochs,  or  bibbs,  are  constructed       ^| 

as  shown  in  Fig.  180. 

The 

water  passes  through  the  orifice        ^^M 

Ji  which  is  closed  by 

/—-^^ — ^^— ■-'^                               ^1 

means    of    the    valve 

C             J            ^1 

disk  B.     This  disk  is 

— '    "^1^    '                     ^^_^^l 

made  of  some  elastic 

1  1                         ^^^^^1 

material  and  is  held 

^m  ^^^\                  ^^^^^1 

in  a  block  (T  which  is 

^|l  1^                   ^^^^^1 

sttttched  by  a  swivel 

^U^                 ^^^^^H 

joint  to  the  end  of 

-^^^p^               ^^^^^H 

screwed  stem  E. 

^  t^  W               ^i^^^l 

If    the    block    C  is 

^^^^^1 

allowed  to  turn  with 

A 

the  screw,  the  disk  /V 

M 

will-soon  be  injured 

§ 

and    become    leaky. 

S 

i                    1 

The    water    is    pre- 

^ 

1                      ■ 

vented  from  flowing 

PiC.    ISO.                                                            ^H 

out  around  the  top  of  stem  F.  by  placing  lamp-wick  or  other         ^ 

suitable  packing  in  A, 

whic 

h  is  pressed  against  the  stem  by 

screwing  down  the  nm 

.no 

n  the  bonnet  F. 

Compression  cocks  a 

re  al 

so  constructed  in  other  ways,  as 

in  Fig.  187.     The  block  C 

is  prolonged  upwards  and  con- 

.^L. 

stitutes  a  nut  which 

/"^ — ''■^^^ 

-^ 

receives    the    screw 

k._^^-^      ^ 

O 

thread  of  the  stem 

1  1 

E.       The     stem     is 

I  il 

provided   with  a 

5^'rv 

) 

solid  collar  r  which 
bears    against     the 
cap  D,  the  joint  be- 
ing ground.     Thus, 

rise    as    the    valve 

W^!^ 

i^^ 

■■-  ■'          ^    ojiens. 

The    block    C    is 
made  either  square 

^■^^J                       im 

m 

or    round.      When 
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round  it  has  two  lugs  placed  diametrically  opposite  one 
another,  which,  upon  turning  the  stem,  slide  up  or  down  in 
grooves  provided  for  them  in  the  casting  of  the  cock.  This 
is  done  to  prevent  C  from  turning,  so  as  not  to  wear  out 
the  rubber  or  leather  disks  too  rapidly. 

754.  Compression  cocks  are  suitable  for  faucets  only, 
and  should  not  be  used  as  cut-off  or  controlling  valves. 

For  faucets,  compression  bibbs  have  the  advantage  over 
plug  cocks  of  closing  slowly,  and  thus  avoiding  destructive 
shocks  upon  the  piping.  Also,  if  they  become  leaky  they 
can  be  readily  supplied  with  a  new  valve  disk;  while,  if  a 
plug  cock  becomes  leaky,  it  must  be  reground. 

755.  Self-closlns:  compression  cocks  differ  from  the 
common  kind  in  having  a  stout  coiled  spring  under  the  cap 
to  close  the  valve,  instead  of  the  usual  screw  and  handle. 
The  handle  is  always  a  lever  of  some  kind,  which  is  so 
arranged  that  the  valve  may  be  opened  by  it,  but  as  soon  as 
it  is  released  the  spring  closes  the  valve. 

The  chief  objection  to  the  self-closing  or  i/r///^  cocks  is 
that  they  close  too  suddenly,  and  cause  a  shock  upon  the 
pipe  system.  The  nature  of  the  shock  is  similar  to  that  re- 
ceived by  a  hydraulic  ram  when  the  large  valve  is  .suddenly 
closed.  Self-closing  cocks  are  only  used  where  water  is 
scarce,  so  that  none  may  be  wasted  by  careless  persons 
leaving  the  cocks  open  when  they  are  not  required,  or  where 
there  is  a  liability  of  the  cocks  being  left  open  and  doing 
damage  by  overflowing  the  fixtures. 

756.  A  rapid  closlnjj^  compression  cock  is  shown 
in  Fig.  188.  The  lower  end  of  the  stem  a  is  offset  and 
forms  a  crank  s  of  sufficient  radius  to  move  the  valve  //  to 
and  from  its  seat.  A  half  turn  of  the  handle  will  open  the 
valve  to  its  full  extent,  and  the  other  half  turn  will  close  it. 
The  handle  may  be  turned  in  either  direction. 

In  this  form  of  cock  the  water  pressure  is  on  the  back 
of  the  soft  conical  rubber  valve  //,  and  by  pushing  the  valve 
against  its  seat  causes  less  force  to  be  exerted  by  the  person 


in  closing  the  valve.  The  stem  is  made  water-tight  liy 
|;scrcwing  down  the  nut  or  cap  c,  which  fori-cs  down  the 
Fbushing  b,  and  thereby  compresses  the  packing  r  around  the 


1   In  its  seat  by  prongs  r  and  r, 
vhich  the  valve  It  is  fastened.     These 

n  low-pressure  work  where  the  water 


cast  on  the  stem  o,  to 
cocks  are  used  chiefly  i 
\s  free  from  grit,  etc. 

757*     A  common  form  of  hiill-uock  is  shuwi 
189,  which  is  chiefly  used  for  supplying  water  to  tai 


Fiy. 
The 


y  iff  ia  bored  to  rcci 
ic  valve  A'  is  nttaclu;! 


e  cylindrical  stem  C  to  which 
t  water  enters  through  the  pipe 
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A  and  escapes  through  F.  A  cup  leather  /  is  secured  be- 
tween C  and  K  which  prevents  water  from  passing  the  guide 
stem  C.  The  ball  //,  which  in  this  cut  is  drawn  considerably 
smaller  than  it  really  is,  as  compared 
to  the  size  of  the  valve,  is  hollow  and 
its  buoyancy  in  water  is  utilized  to 
close  the  valve.  It  is  attached  to 
the  lever  D,  the  short  end  of  which 
engages  the  stem  C  of  the  valve. 
As  the  water  rises  in  the  tank  to 
which  this  valve  is  attached,  the  ball 
floats  upwards  and  gradually  pushes 
1°,.  the  valve  to  its  seat  and  stops  the 
inflow  of  water. 

When  the  water  in  the  tank  is  dis- 
pio.  i«o.  charged,  /^  drops  and  thereby  opens 

the  valve  A",  which  admits  water  to  flow  into  the  tank. 

The  hollow  ball  //,  although  carefully  made,  will  some- 
times partly  fill  with  water.  This  causes  the  ball  to  sink  and 
allows  the  water  to  run  and  overflow  the  tank. 


7S8.  The  ordinary  tclnbe  valve  shi 
and  anKle  valve  shi»wn  in  Fig.  101 
belong  to  the  compression  class.  The 
waterway  through  a  globe  valve  is  so 
contorted  that  the  flow  of  water  is 
obstructed  to  a  serious  degree. 

Globe  valves  should  be  attached 
to  the  pijie  system  in  such  a  manner 
that  the  valve  will  close  against  the 
pressure,  as  otherwise  when  the 
valve  is  on  its  scat  the  water  will  be 
liable  to  work  up  along  the  valve 
sti;m  and  leak. 

For  this  reason  ^1  is  the  inlet  and 
B  the  oiLllet  of  the  valve.  The  same 
applies  to  the  angle  valve.  The  or- 
dinary globe  valve   is   used   on  the 
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n-i\  at  tlif  jiinclion 


kraight  pipe,  while  the  angle; 
[  two  pipes  ai  right  angles. 

759.  The    Kate    valve  shown  in  Fig.   193  is 

,mc   piirjKisi;    as    glohi:    valvus.    _y^,^ 

iaic  valves  furnish  u  freer  pas-  /' 

l&geway     for     the     water.       By  ^ — 

aiming  the  stem   H  the   wedye- 

ihapcd  disks  .1  and  .(,  are  nmved 

kcross  the  seats  r  and  c  and  thi;  uri- 

fce  is  opened  or  closed  gradually. 

the  disk  A,  has  rast  on  its  lowtir 
pide  a  projection  /)  which  rests 
correapfinding    prtijei-tion 

1  cast  to  the  valve  body.  Thvse 
lire  forpreventingthcdisk/(.  from 

moving  down   loo  far  and   thus 

ausing  the  disks  to  wedge  apart 
press   lightly  against    theii 

leatscandf  bytnrninglhesiem  / 
Oate   valvt'S   are   made  qniik 

tcting   by   substttiiling    a    lever 

ind  sliding  stem  for   the   screw 

item  shown. 

760.  CliBck-valveM  are  de- 

^nedtiipcrmilthctlowoffliiidin  ^*  i»- 

me  direction  only  and  to  positively  prevent  any  return  flow. 
The  common  form  nf 
chcck-valvcs  known  as  a 
Klohe  chvck  is  shown  in 
I  ig  103,  The  valve  .-/ 
IS  a  solid  disk  of  metal 
havmg  a  beveled  edge  to 
'lUit  the  seat  Ji.  and  is 
guided  by  the  feathers 
f '  and  /;  as  shown.  The 
fluid  passes  in    the  direc- 
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761.  An  improved  form  of  check  known  as  a  s^nrlns 
check  is  shown  in  Fig.  194.  The  valve  disk  is  attached  to 
an  arm  which  swings  on  a  pin  as  shown.  The  passage  of  fluid 
through  this  valve  is  more  direct  than  in  the  globe  check, 

and  the  pressure  required  to 
open  the  valve  is  much  less. 
The  fluid  passes  through  the 
valve  as  shown  by  the  arrows, 
that  is,  from  A  towards  B. 
In  case  of  a  rapid  flow  of 
water,  the  projection  C  on 
the  end  of  the  arm  to  which 
the  valve  is  attached  strikes 
P»o-  >w.  against    the    bottom    of    the 

screw  />,  and  is  thus  prevented  from  going  too  far. 

762.  A  check-valve  specially  adapted  for  drainage 
purposes,  and  called  a  back-Ti^ater  valve,  is  shown  in 
Fig.  195.  It  is  used  to  prevent  water  in  the  street  sewers 
from  backing  up 
in  the  house  drains, 
as  is  liable  to  occur 
during  a  heavy 
rainfall  if  the  sew- 
ers are  too  small  or 
have  too  little  fall. 
This  valve  should 
never  be  used  on  a 
system  of  house 
drainage  unless  it  is 
absolutely  impossible  to  avoid  it,  as  it  is  liable  to  cause  a 
chokage  in  the  house  drains  by  allowing  the  liquids  to  pass 
and  retaining  the  solids.  This  is  likely  to  happen  if  the 
house  drains  have  little  fall  towards  the  valve. 

Referring  to  the  figure,  it  will  be  seen  that  the  valve  A 
swings  on  a  pin  /> ;  the  inlet  is  indicated  by  the  arrow. 

The  valve  and  its  seat  C  should  be  made  of  brass,  so  as  not 
to  corrode.      For  facilitating  the  cleaning  out  of  the  valve 
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I  handholc  is  provided  in  ihe  body  E,  which  is  closed  by 
1  cover  D,  held  in  place  by  bolts  F  on  each  side  of  it. 
Po  prevent  leakage,  packing  should  be  placed  under  ihe 
»ver. 

763.  Another  funn  nf  a  back-water  valve  is  shown  in 
Pig.   196.     This  is  used  chiefly    lu  drain   water  fnji 
>ase[nciit  floors,  etc.,  where 
:herc   is   danger  of    water 
lacking  up  from  the  sewers. 
The  valve  is  composed  of  a 
lollow   copper  float  A,  en- 
lirclcd  by  a  soft  rubber  ring 
y.     A  rest,  or  stop,   E  for  i 
,hc  float  is  attached  to  the 

brass  valve  seat  G  by  four       ' 

Rrms.     These  arras  also  act  "^ 

IS  guides  to  lead  the  valve  ^^°"  ™' 

o  its  seat  when  the  sewage  water  rises  in  the  drain  pipe  D, 

kn<l  buoys  up  the  valve.     When  the  water  fall-s  in  D  the 

loat  will  fall  from  its  seat  and  descend  with  the  receding 

rater  until  it  leaches  its  stop,  as  shown,   when  it  will  be 

.gain  open  for  surface  water.     A  bell-shaped  casting  C,  sus- 

wnded  from  the  perforated  cover  F,  dips  into  water  and 

ormsa  seal  to  prevent  drain  air  from  entering  the  building. 

?hi5  form  of  check-valve  is  commonly  called  a  back-water 

rap. 

764.  Safety  valves  arc  designed  to  open  when  the 
nternal  pressure  becomes  too  great;  they  permit  the  fluid 
o  escape  until  the  excessof  pressure  is  relieved,  after  which 

ley  close  again. 

One  form  of  these  valves,  called  a  lever  nafety  valve, 

shown  in  Pig,  1!I7,  in  which  the  valve  Cis  held  down  on 
8  seat  against  the  upward  pressure  acting  on  the  bottom  of 

bya  lever  /,  and  weight  If'.  Instead  of  holding  down  the 
Uvc  in  this  manner,  it  is  held  down  sometimes  by  means  of 

weight  jilated  directly  on  inc  valve  stem  D.  and  is  then 
nown  3ti  a  deatl-welicht  safety  valve,  or  by  means  of  a 
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strong  spring  acting  on  the  valve  stem,  and  is  then  known 
as  a  Bprlne  or  pop  safety  valve. 


765>  Vacuum  valves  are  similar  to  safety  valves, 
except  that  they  operate  in  the  reverse  way,  the  internal 
pressure  acting  upon  the  tup  of  the  valve  and  the  external 
or  atmospheric  pressure  acting  on  the  under  side.  Thus,  if 
a  vacuum  is  being  formed  within  a  boiler  so  that  there  is 
danger  of  its  collapsing  from  the  external  pressure  of  the 
atmosphere,  the  valve  will  open  and  will  allow  enough  air  to 
enter  to  .destroy  the  vacuum.  Safety  valves  and  vacuum 
valves  for  plumbers'  use  are  commonly  combined  in  one 
structure.  Such  an  arrangement  as  this  is  shown  by 
Fig.  1U7,  in  which  G  is  the  vacuum  valve. 


766.     The    action    of    the    lever    safety 
vacuum  valve  is  as  follows; 


and   the 
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Suppose  the  noKzle  A  to  be  attached  to  a  vessel  under 
pressure  so  that  comrau nitration  is  miulc  between  the  vessel 
and  the  charalier  £.  Then  the  fluid  contained  in  /i  being 
under  pressure,  tends  to  raise  the  valve  C  ofi  its  scat  and 
force  the  valve  6' downwards  to  lis  seat.  When  the  pressure 
of  the  fluid  per  square  inch  in  /i  multiplied  by  the  area  of 
the  U)ttom  of  the  valve  Cis  greater  than  the  weight  of  the 
valve  Cand  stem  D  plus  the  force  due  to  the  weight  (T'and 
lever  /.  acl  ing  on  the  valve  seat,  the  valve  C  will  rise  and  the 
fluid  will  pass  out  of  Ji  into  the  atmosphere,  After  the 
pressure  of  the  fluid  in  £  and  in  the  vessel  has  fallen  a 
pound  or  so  below  that  required  to  raise  the  valve  foff  its 
scat,  the  valve  6~wi)l  again  close. 

Should  tliepressurc  in  the  vessel  to  which  the  safety  valve 
is  attached  become  less  than  that  of  the  atmosphere,  a  par- 
tial vacuum  would  then  exist  in  the  chamber  £,  and  the  at- 
miwpheric  pressure  would  force  upwards  the  valve  0  and 
thereby  open  it  and  admit  air,  whichwiU  destroy  the  vacuum 
and  prevent  the  vessel  from  collapsing. 

The  pressure  at  which  a  lever  safety  valve  will  blow  off 
depends  upon  the  weight  of  IK  and  upon  the  distance  it  is 
placed  on  the  lever  /-  from  the  fulcrum  /'".  The  nearer  it  is 
placed  to  the  fulcrum  /■",  the  less  will  be  the  blow-off  pressure, 
and  the  further  it  is  placed  from  it  the  higher  will  the 
pressure  rise  before  the  valve  will  blow  off. 

The  lever  of  a  lever  safety  valve  should  be  raised  by  the 
hand  periodically,  as  the  valve  is  liable  to  sticic  to  its 
Hcat. 

707.  PreHaure-reducIng  valveii,  shown  in  Pig.  108, 
are  used  for  decreasing  fluid  pressure.  In  this  Course,  how- 
c\*cr,  we  shall  treat  only  of  that  form  used  for  liquid  pres- 
sure. They  are  chiefly  used  in  cities  where  the  street  water 
prcMSure  is  too  great  for  the  plumbing  systems  in  the  build- 
ings to  safely  withstand.  Their  duty  is  to  reduce  the  pres- 
sure within  the  building  to  a  safe  and  suitable  point. 

Pressure -reducing  valves  are  generally  attached  to  the 
pipes  which  supply  the  buildings  from  the  street  mains 
P.    Il.~i 
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whose  pressures  are  to  be  reduced,  and  are  usually  located 
in  the  cellars  of  the  buildings. 


"Alf  ".'.'> '  ^.". ' '  >_',  V!fft 


v'f'TV.'/.v^'.rrz 


Fig.  188. 

768.     In  the  form  of  regulator  shown  in  Fig.  198,  the 
water  having  high  pressure  enters  at  D  and  passes  up  the 
tube  L.     The  orifice  of  this  tube  is  closed  by  a  flexible  disk 
or  diaphragm  K  which  is  held  down  by  a  plunger  B.     When 
the  pressure  on  top  of  B  is  diminished,  the  water  lifts  K 
and  escapes  over  into  the  pipe  E.     The  water  in  E  also  fills 
the  chamber  y  which  is  closed  by  the  flexible  diaphragm  N, 
The  plunger  G  rests  upon  the  top  of  the  diaphragm  N,  and 
its  motion  is  transmitted  by  means  of  the  lever  A  to  the 
plunger   B,     Owing  to   the  large   area   of  N"  and  smaller 
area  of  A',  a  lower  pressure  per  square  inch  is  required  in  E 
than  in  D  to  cause  an  equal  upward  force  upon  the  plungers 
B  and   G.     If  the  fulcrum  E  is  equidistant  between  the 
plungers  B  and   6\  and  if  the  tension  of  the   rubber  dia- 
phragms, and  the  upward  pressure  upon  the  annular  ring  of 
the  diaphragm  K  around  the  orifice  of  L  be  omitted,   the 
areas  of  the  orifice  of  L  and  of  the  diaphragm  N  will  be  in- 
versely proportional  to  the  pressures  per  square  inch  in  E. 
and  J)y  respectively;  that  is,  the  area  of  L  when  multiplied 
by  the  pressure  per  scpiare  inch  in  I)  should  equal  the  area 
of  N  when  multiplied  by  the  pressure  per  square  inch  in  E. 
The  i)ressure  in  /:  can  he  adjusted,  however,  by  shifting  the 
fulcrum  /'Of  the  lever  A  along  u[)()n  the  tube  /i",  E  being 
provided  with  a  suitable  clanif)  for  that  purpose.      Thus,   if 
Ehii  set  nearer  to  B^  a  lower  pressure  in  E^  and,  therefore, 
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Luader   N  will    balance    the   pressure    under   A',    anO    %'ice 
I  xvrsa. 

Whenever  the  pressure  falls  in  li  the  water  from  D  will 

I  pitss  by  A'  until  the  pressure  in  /:  is  restored.     Should  the 

1  pressure  in  D  be  removed  by  shutting  off  the  service  water 

or  otherwise,  the  diaphragm  A'  will  be  closed  by  .V,  its  area 

being  much  greater  than  that  of  A',  and  no  water  will  be  al- 

[  luw«d  to  escape  back  through  the  apparatus.     It  thus  acts 

;l  check-valve. 


76B.     Fie.  1911  sh.r 


.  pre.st 


;-redui 


ng  valve  - 


■-  It  b  in  the  basement  of  a  building. 


I  and  near  the  point  wliere  the  tjervice  pipe  enters  t!ir  build 
\  ing.  The  pressure  gauge  shown  at  c  is  employed  to  indioate 
b  the  pressure  in  the  service  pipe  on  the  street  side  of  the  re 
Iduciog  valve,  and  d  indicates  the  pressure  of  the  water  ir 
Tthe  bouse  pipes. 

Thcue   gauges  are  exceedingly  convenient,  and   we  rcc 
iommend    their   use   along   with   any   form   of    a    reduc' 
I  valve. 

The  gauge  d  will  indicate  whether  the  valve  a  is  light 
t leaking.     If  it  leaks,  even  a  triHe,  the  gauge  (/will  soon 
Pdicale  a.  pressure  nearly  or  ijuite  equal  to  that  indicated  by 
Ir,  when  no  water  is  being  drawn  from  the  faucets  vx  the 
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building,  and  thereby  gives  a  fair  notice  that  the  pressure- 
reducing  valve  requires  repair.  The  stop-cock  shown  at  e 
in  Fig.  199  is  of  the  stop  and  waste  form,  and  is  used  to 
shut  the  water  off  the  entire  building. 

TABLE  33. 


MBL.TING  POINTS  OP  MBTAL.8. 

770.     The  melting  points  of  the  metals  used  in  plumb- 
ing are  given  in  the  following  table: 


Metal. 

Temperature 
in  Degrees  F. 

Metal. 

Temperature 
in  Degrees  F. 

Cast  Iron 

2,192 
2,100 
1,800 
1,900 
1,000 

Zinc 

680 

CoDoer 

Lead 

G26 

Silver 

Bismuth 

Tin 

505 

Brass  (common). 
Antimony 

446 

Sulphur 

228 

The  fusing  point  varies  greatly  according  to  the  purity  of 
the  metal,  and  the  fusing  points  of  alloys  vary  according  to 
the  composition.  The  temperatures  given  above  are  fair 
averages. 


SOLDER. 

771.  Solder  is  an  alloy  of  two  or  more  metals,  which, 
when  melted,  will  adhere  strongly  to  the  cleaned  surfaces  of 
other  metals  which  are  less  fusible. 

Solders  arc  classified  as  hard  or  soft,  according  to  their 
relative  fusibility.  Any  desired  fusing  point  may  be  ob- 
tained by  varying  the  proportions  and  kind  of  ingredients. 
The  following  table  shows  the  composition  and  fusing  points 
of  the  various  solders  in  common  use ; 
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SOLDERS. 


Hard. 

Soft. 

Fusing 
Point. 

Variety. 

Zinc. 

Cop- 
per. 

Silver 

• 

Tin. 

Lead. 

Bis- 
muth. 

Spelter,  hardest . . 

Spelter,  hard 

Spelter,  soft 

Spelter,  fine 

Silver,  hard 

1 
2 
1 
2 

2 
3 
1 
2 

1 
1 
1 

700° 

550° 

i 
4 

3 

2 

1 

1 
2 
1 
3 

4 

3 

2 
3 
1 
2 

4 

• 

1 

•    •    «    • 

Silver,  medium. . . 
Silver,  soft 

«    •    •    • 

Plumbers*   coarse. 

480° 

Plumbers',  ordi- 
nary  

.  * « . 

441° 

Plumbers',  fine. . . 

400° 

Tinners' 

370° 

For  tin  Dioe 

330° 

For  tin  oipe 

772.  Making:  Soft  Solder. — To  make  good  solder  it 
is  necessary  to  secure  pure  materials.  The  lead  and  tin  of 
commerce  vary  considerably  in  purity. 

After  deciding  upon  the  proportions  of  lead  and  tin  which 
are  required  to  make  the  desired  variety  of  solder,  the  lead 
should  be  melted  first,  care  being  taken  to  avoid  overheat- 
ing the  metal.  The  melted  metal  should  be  stirred  thor- 
oughly, and  the  dross  which  floats  on  the  surface  removed. 
The  tin  should  then  be  added,  and  as  soon  as  it  is  melted 
the  metal  should  be  stirred  so  as  to  secure  the  thorough 
mixture  of  the  lead  and  tin.  While  stirring,  a  small  quan- 
tity of  black  resin  .should  be  added.  When  the  metal 
becomes  hot  enough  to  ignite  a  piece  of  newspaper,  it  should 
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be  skimmed  and  then  poured  into  molds.  Care  should  be 
taken  that  the  molds  are  clean  and  dry. 

The  two  metals  will  separate  if  the  melted  solder  is 
allowed  to  stand  without  stirring,  because  of  the  difference 
in  specific  gravity  of  the  lead  and  tin,  their  weights  being 
in  the  proportion  of  about  11  to  7.  Therefore,  thorough 
stirring  is  indispensable. 

Soft  solder  is  quickly  spoiled  by  overheating.  Both  metals 
oxidize  rapidly  at  low  red  he&t,  and  the  tin  oxidizes  faster 
than  the  lead.  A  thick  yellow  crust  forms  on  the  surface 
of  the  molten  metal,  which  excludes  the  air  and  thus  retards 
the  oxidization.  If  this  crust  be  left  undisturbed  until  the 
metal  cools  to  the  proper  working  temperature,  which  is  not 
over  000°,  and  then  be  removed,  the  solder  may  be  restored 
to  proper  quality  by  adding  a  little  tin.  The  molten  metal 
should  not  be  stirred  while  any  oxide  remains  upon  its 
surface. 

Soft  solder  becomes  impure  and  useless  by  the  gradual 
accumulation  of  oxides,  or  iron  and  brass  filings,  and  also 
by  contamination  with  zinc. 

773.     A  common  method  of  purifying  soft  solder  is 

as  follows:  The  metal  is  heated  to  about  800°,  which  is  a 
very  dull  red  heat,  just  visible  in  the  dark,  but  not  visible 
in  daylight.  A  quantity  of  sulphur  is  thrown  upon  the 
metal  as  soon  as  it  is  melted,  and  the  metal  is  then  well 
stirred  in  order  to  bring  all  parts  of  it  into  contact  with  the 
sulphur.  The  sulphur  combines  with  the  zinc  and  brings  it 
to  the  surface  as  dross.  The  oxides  will  also  come  to  the 
surface;  sometimes  they  will  cling  to  the  sides  of  the  pot. 
The  metal  is  then  thoroughly  skimmed,  taking  off  the  crust 
whole,  if  possible,  and  allowed  to  cool  to  low  working  heat, 
about  4S()'\  after  which  a  little  tallow  is  stirred  into  it. 
This  will  remove  the  last  of  the  sulphur  and  the  metal  will 
appear  very  clean.  It  will  probably  require  the  addition  of 
a  little  tin  to  restore  the  proper  quality. 

Sometimes  a  batch  of  soft  solder  will  work  well  for  about 
a  dozen  heats  and  then  become  unworkable.    This  is  usually 
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due   to  impurities  in  the  tin,  it  being  contaminated  with 
antimony  or  bismuth. 

As  a  proof  that  the  tin  will  separate  from  the  lead  when 
the  solder  is  in  a  semi-molten  or  **  half -set "  state,  dig  a 
hole  in  the  nearly  set  solder  in  the  pot,  and  the  tin  will 
filter  down  and  settle  in  a  little  pool  at  the  bottom  of  the 
hole,  leaving  a  chalky-looking  and  porous  metal  above. 

774.  Testing  the  Quality  «f  Soft  Solder. — Having 
the  melted  solder  at  a  temperature  of  about  (jiHf  (which  will 
scorch  paper,  but  will  not  ignite  it),  pour  a  little  of  it  upon 
a  smooth  stone,  preferably  a  slab  of  pavement,  which  is  per- 
fectly dry,  clean,  and  level,  and  form  a  cake  as  large  as  a 
dollar,  and  about  one-eighth  of  an  inch  thick.  Good  solder 
will  show  a  number  of  clear  spots,  from  four  to  six  to  the 
square  inch,  upon  the  top  surface  of  the  cake.  If  the  cake 
turns  white  and  chalky,  the  solder  is  probably  too  coarse; 
that  is,  the  percentage  of  lead  is  too  great.  If  it  cools  with 
a  bright  top  surface,  with,  perhaps,  a  little  gray  or  chalky 
center,  the  percentage  of  tin  is  too  great.  This  test  is  em- 
ployed by  expert  plumbers,  and  they,  by  long  experience, 
can  tell  at  a  glance  whether  the  solder  is  too  fine  or  too 
coarse,  or  whether  pure  or  impure. 

The  mos^  certain  tvay  for  the  inexperienced  man  to  test 
the  quality  of  solder  is  to  prepare  a  lead  pipe  and  proceed  to 
make  a  sample  wiped  joint  upon  a  small  piece  of  old  lead 
pipe,  after  having  first  tested  it  to  the  best  of  his  ability  by 
the  above  method.  If  the  solder  does  not  **work"  to  suit 
him,  he  can  easily  adjust  it  before  he  proceeds  to  wipe  the 
joints  intended  for  use.  By  using  this  precaution  the  young 
plumber  will  save  himself  much  labor  and  worry,  and  his 
employer  much  expense.  He  will  also  obtain  better  results 
than  he  would  by  trying  to  adjust  the  solder  while  operating 
on  the  real  work.  If  the  solder  is  good,  it  will  cling  to  the 
pipe  and  remain  plastic  until  too  cool  to  work.  If  the  pro- 
portion of  tin  is  too  great,  it  will  set  or  harden  too  quickly, 
and  the  metal  will  appeuT*  bright,  but  ragjj^ed.  I>eads  of  tin 
will  probably  even  drop  from  the  under  side  of  the  joint. 
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If  the  proportion  of  lead  is  too  great,  it  will  require  a 
long  time  to  **get  up  the  heat,"  and  when  the  joint  is 
finished  the  metal  will  appear  chalky  and  porous. 

If  the  alloy  is  **  just  right  "  and  if  it  is  **  worked  "  properly 
and  not  too  slow,  the  joint  when  finished  should  be  bright, 
shining,  and  smooth. 

FLUXES. 

775.  Fluxes  are  used  to  aid  the  fusion  of  solder  and  to 
clean  the  surface  of  the  metals  to  be  joined,  and  thus  pro- 
mote the  adhesion  of  the  melted  solder. 

The  following  table  gives  some  of  the  most  common  fluxes, 
and  the  metals  they  are  chiefly  used  upon: 

TABLE    35. 


Flux. 


Resin 


Tallow  (without  salt)  . . 


Sal-ammoniac 

Muriatic  acid,  or  hydro 
chloric  acid    , 

Chloride  of  zinc , 


Resin  and  sweet  oil  . 


Borax 


Metals  to  be  Joined. 


Lead,  tin,  copper,  brass,  and 
tinned  metals  (used  with  the 
copper  bit  or  blowpipe). 

Lead,  tin,  or  tinned  metals  (used 
with  the  blowpipe  or  wiping 
process). 

Copper,  brass,  and  iron  (used 
with  the  copper  bit  or  blow- 
pipe). 

Dirty  zinc  (used  with  copper  bit). 

Clean  zinc,  copper,  brass,  tin,  and 
tinned  metals  (used  with  copper 
bit  or  blowpipe). 

Lead  and  tin  tubes  (used  with  cop- 
per bit  or  blowpipe). 

Iron,  steel,  copper,  and  brass  (used 
with  blowpipe). 
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770.  Chloride  of  sine  is  prepared  by  mixing  inurhik 
W{_ky»irotiihrif)  acid  with  sine  which  is  in  the  form  of  grains, 
■chips,  or  strips.  The  acid  and  zinc  rapidly  combine,  and 
Iduring  the  process  a  quantity  <>f  gas  is  disengaged,  which 
3  the  liquid  to  lioil  and  emit  copinuB  fumes  which  are 
\  %-cry  ctirrosive.  Considerable  heat  is  also  generated.  The 
I  acid  may  be  diluted  with  water  to  reduce  the  strength  of 
1  the  solution  when  desired.  When  the  liquid  stops  boiling 
r  giving  oif  bubbles  of  gas;  the  acid  is  itaturated  :  that  is, 
I  It  has  dissolved  all  of  the  xinc  that  it  is  capable  of  holding 
I  in  solution. 

Chemically  pure  muriatic  acid  is  clear  as  water,  while  the 
L  commercial  is  yellow.  This  is  on  account  of  the  impurities 
ntains,  such  as  iron,  arsenic,  or  organic  matter.  The 
ft  commercial  is  good  enough  to  use  in  making  the  chloride  of 
Ixinc  flux. 


TINNING     AND    SOILING. 

777.  The  operation  of  tinning  consists  in  spreading  a 
I  tbin  layer  of  solder  (or  sometimes  of  pure  tin)  upon  the  sur- 
I  iaces  of  other  metab  and  causing  It  to  adhere  and  make  a 
\  firm  metallic  union  therewith.  The  object  of  the  tinning  is 
I  to  so  prepare  the  surfaces  of  ihe  metals  that  they  will  readily 
I  unite  with  the  melted  solder  which  is  applied  to  them  in  the 
1  process  of  making  joints. 

Soldering  bits  must  also  be  tinned.  This  is  done  in  the 
I  following  manner:  'While the  bit  is  hot  the  scale  and  oxide 
I  should  be  filed  olT  the  parts  to  be  tinned,  which  thus  cx- 
Iposes  the  clean  copper.  Then,  before  the  copper  has  lime 
ftto  oxidize  rub  on  the  parts  so  tiled  a  stick  of  solder  which  has 
Vliccn  previously  dipped  in  flux.  The  tinning  operation  is 
fliest  performed  at  a  moderate  heat ;  if  the  bit  is  red  hot  it 
I  wilt  oxidixc  the  instant  that  the  file  leaves  it,  and  no  tinning 
I  can  be  done, 

A  quick  and  convenient  way  of  tinning  a  bit  is  to  rub  it 

■  while  hot  upon  a  block  of  sal-ammimiac  having  a  few  drops 

■  solder  spattered    over  its    surface.     The  sal-ammoniac 
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reduces  the  oxide,  and  the  clean  copper  seizes  the  solder 
instantly  upon  coming  in  contact  with  it. 

When  a  bit  is  overheated,  the  coating  of  solder,  or  the  tin- 
ning as  it  is  called,  is  reduced  to  a  yellow  powder  and  is 
destroyed.  The  tinning  must  be  restored  before  it  can  l)e 
used. 

Resin  is  recommended  as  a  flux  for  tinning  soldering  bits 
which  are  to  be  used  for  soldering  lead,  and  for  tinning  all 
brass  and  copper  work  upon  which  soft  solder  joints  arc  to 
be  wiped.  Chloride  of  lime  or  sal-ammoniac  is,  however, 
quite  suitable  for  tinning  soldering  bits  which  are  to  be  used 
for  soldering  sheet  copper,  sheet  tin  (not  block  tin),  iron,  etc. 

778.  Tinning  of  Sheets,  Etc. — A  flat  surface,  such 
as  the  edge  of  a  sheet,  may  be  tinned  by  first  spreading  a 
proper  flux  over  the  surface  to  be  tinned;  then,  by  using  a 
hot  bit,  melt  off  a  small  lump  of  solder,  allowing  it  to  fall 
upon  the  flux  at  the  desired  spot.  Now  apply  the  bit  to  the 
solder,  and  as  soon  as  the  metal  beneath  it  becomes  hot 
enough  the  solder  will  flow  and  spread  out  over  the  surface. 
If  the  sheet  be  placed  on  an  incline  and  the  work  is  begun 
at  the  top,  the  superfluous  solder  will  follow  the  hot  bit 
downwards.  This  will  help  to  keep  the  tinning  of  uniform 
thickness  and  free  from  irregularities.  Small  lumps  or 
ridges  in  the  coating  of  solder  thus  applied  will  interfere 
with  the  proper  closing  of  locked  seams,  and  care  must 
always  be  taken  to  remove  them. 

Articles  composed  of  brass  or  copper,  such  as  cocks ^  nip- 
pies, etc.,  may  be  tinned  by  first  filing  the  surface  to  thor- 
oughly remove  the  coating  or  oxides  so  as  to  expose  the 
clean  metal,  then  coating  it  with  a  flux  (usually  resin). 
Molten  solder  is  then  applied  to  the  brass  with  a  bit  so  as  to 
entirely  cover  the  filed  surface.  The  superfluous  solder,  if 
any,  is  shaken  off  before  it  sets.  It  is  bad  i)ractice  to  dip 
the  brass  into  a  pot  of  molten  solder  which  is  to  be  used  for 
wipinj:^  purposes,  because  some  of  the  zinc  (of  which  the 
brass  is  partly  coni})oscd)  will  melt  out  and  alloy  with  the 
solder,  and  will  spoil  it. 
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Articles  which  are  composed  wholly  of  copper  may  be 
dipped  in  the  solder  pot  without  injury  to  the  solder,  pro- 
vided that  they  are  perfectly  clean  and  free  from  filings,  etc. 

Iron  articles  may  be  tinned  by  thoroughly  cleaning  the 
surfaces  and  treating  them  with  chloride  of  zinc  or  sal- 
ammoniac  before  applying  the  solder. 

Great  care  must  be  taken,  when  filing  brass  or  other 
metals  preparatory  to  tinning  them,  that  the  filings  do  not 
fall  on  the  bench  or  on  the  floor  at  such  places  that  solder 
falling  from  wiped  joints  may  pick  them  up. 

As  a  precaution,  the  plumber  should  see  that  the  filing  is 
not  done  near  the  bench  where  the  wiping  is  to  be  done. 

779.  SoiUntf. — The  object  of  soiling  is  to  prevent  the 
solder  from  flowing  upon  those  surfaces  which  are  pr :>tected 
by  it,  or  from  adhering  to  them.  It  thus  enables  the  work- 
man to  keep  the  solder  within  proper  limits  and  to  produce 
clean,  nice-looking  work,  free  from  all  unsightly  splashes  or 
irregularities. 

In  preparing  for  wiped  joints,  the  soil  should  be  applied 
over  a  space  of  two  to  three  inches  on  each  side  of  the  joint 
beyond  the  surfaces  which  are  cleaned  to  receive  the  solder. 

For  work  that  is  to  be  done  with  the  copper  bit  or  with 
the  blowpipe,  a  width  of  soiling  of  one-half  to  one  inch  is 
usually  enough. 

The  solder  should  not  be  aj)plied  until  the  soiling  is  dry. 
In  fair  weather  it  will  dry  quickly,  but  if  it  dries  too  slowly 
the  drying  may  be  hastened  by  aj)i)lying  a  moderate  heat. 
Strong  heat  will  spoil  it. 


MKTIIODS    OF    JOINING    MKTALS. 

780.  The  principal  methods  used  by  ])luml)(Ts  for  join- 
ing metals  are  Holderlnsr,  commonly  known  as  soft  solder- 
ing, braaciiiK,  and  burning. 

Soldering  is  divided  into  three  distinct  classes. 

1st.  Soldering  with  the  bit,  or  soldering  iron  known  as 
copper  bit  i^ork. 
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2d.  By  the  application  of  molten  solder  to  the  parts  to 
be  joined,  known  as  ^wlplns. 

3d.  By  the  use  of  a  blowpipe,  in  which  solder  is  melted 
by  the  blowpipe  flame  and  allowed  to  flow  into  the  joint, 
known  as  bloi^'pipe  ^work. 

Melted  solder  exhibits  a  strong  tendency  to  adhere  to  the 
surface  of  the  ordinary  metals,  and  to  unite  solidly  with 
them  while  cooling.  The  least  film  of  oxide  or  of  grease 
or  dirt  upon  the  surface  of  the  metal  will  usually  prevent 
the  adhesion.  Therefore,  the  surfaces  must  be  thoroughly 
cleaned,  or  they  must  be  coated  with  some  substance  which 
will  reduce  the  oxides  to  the  metallic  state,  or  which  will 
destroy  the  grease  and  deposit  a  thin  film  of  zinc  upon  the 
surfaces  to  be  soldered. 

A  solder  containing  equal  parts  of  lead  and  tin,  commonly 
called  half  and  half,  is  suitable  for  joining  lead,  copper, 
brass,  zinc,  and  iron  to  metals  of  the  same  kind,  or  for  join- 
ing any  of  them  to  any  other  named. 

Block  tin,  however,  requires  a  more  fusible  solder,  the 
proportions  of  which  are  shown  in  Table  34,  Art.  771. 
Care  must  be  taken  that  the  temperature  of  the  bit  is  not 
high  enough  to  melt  the  tin.     Resin  is  the  proper  flux. 

Copper,  brass,  or  iron  not  galvanized  may  be  prepared  to 
receive  solder  by  cleaning  the  surfaces  and  applying  chlo- 
ride of  zinc.  A  stronger  joint  is  insured  by  tinning  the 
metal,  as  explained  in  Art.  777,  before  soldering,  and  in 
that  case  resin  would  be  the  proper  flux. 

Galvanized  iron  or  sheet  zinc  should  be  cleaned  with 
muriatic  acid  before  applying  the  solder.  All  metals  except 
lead  and  tin  should  be  tinned  previous  to  wiping.  Lead  and 
tin  only  need  to  be  shaved  clean. 

The  temperature  of  the  metals  must  be  raised,  at  the 
point  where  the  solder  is  applied,  to  the  fusing  point  of  the 
solder.  In  soldering  metals  whose  temperature  of  fusion  is 
slightly  greater  than  that  of  the  solder  applied,  such  as  lead 
or  tin,  care  is  necessary  to  avoid  melting  them  and  thus 
making  a  hole  where  it  is  not  wanted. 
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Solder  flows  best  at  high  temperatures,  provided  that  the 
temperature  is  not  so  high  as  to  oxidize  it.  Solder  will  flow 
into  a  joint  until  it  is  chilled ;  therefore,  it  will  flow  farthest 
when  it  possesses  a  large  excess  of  heat  above  that  which  is 
necessary  to  maintain  it  in  the  fluid  condition.  Soldering 
should  not  be  done  with  bits  which  are  barely  hot  enough  to 
melt  the  solder,  because  the  solder  will  unite  only  at  the 
edges  of  the  metal  and  will  not  flow  or  **  sweat "  into  the 
joint  properly. 

The  bits  used  for  soldering  must  be  of  sufficient  weight  to 
contain  the  heat  which  is  necessary  to  heat  the  metal  and 
fuse  the  solder  during  a  reasonable  length  of  time.  If  they 
are  too  light  the  soldering  is  apt  to  be  very  uneven  in  qual- 
ity, and  the  bits  will  require  such  fre(iuent  reheating  that 
they  will  be  troublesome.  If  they  are  too  heavy,  then  the 
work  of  handling  them  will  be  too  laborious. 

The  metal  to  be  soldered  may  be  heated  by  mere  contact 
with  the  hot  bit,  but  the  heating  may  be  done  more  effectively 
and  much  quicker  by  melting  a  little  solder  at  the  point  of 
the  bit.  This  body  of  solder  increases  the  area  of  the  contact 
and  conducts  heat  from  the  bit  to  the  metal  with  great 
rapidity. 

The  heat  necessary  for  making  wiped  joints  is  supi)lied 
wholly  by  the  molten  solder;  therefore,  it  is  essential  that  the 
solder  should  possess  a  considerable  surplus  of  heat.  The 
temperature  is  limited,  however,  by  the  tendency  of  the 
solder  to  oxidize. 

In  working  with  the  blowpipe,  the  necessary  heat  is  applied 
directly  to  the  metal  by  the  flame.  The  flame  must  be 
handled  in  a  manner  which  will  avoid  overheating  or 
oxidizing  either  the  metal  or  the  solder. 

781.  The  work  done  with  the  copper  bit  is  of  four  kinds, 
which  are  called, 

1st.  Flat  or  locked  scams  ; 

2d.    Clip  joints  ; 

3d.    Bead,  or  floated  seams  ; 

Jf.th .  Overcast  join  ts. 
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The  flat,  or  "lap,"  Jiww is  used  only  for  joining  thin  sheets 
of  tin  (tinned  iron),  copper,  or  zinc.  It  is  nut  suitable  for  work 
requiring  any  considerable  strength.  The  lock  Heam  is 
made  by  folding  the  edges  of  the  sheets  and  interlocking  them 
as  shown  &X.A,  Fig.  200.  All  of  those  surfaces  which  come 
into  contact,  in  the  inside  of  the  scam,  must  be  thoroughly 
cleaned  before  the  folding  is  done.  When  the  metal  is  tinned 
upon  one  side,  as  in  the  case  of  tinned  copper,  the  folds  are 
turned  so  that  the  tinned  surfaces  will  face  each  other.  If 
the  copper  is  without  tinning,  it  is  advisable,  although  not 


strictly  necessary,  to  tin  the  surfaces  that  will  come  inside 
of  the  scam.  The  solder  will  flow  easier,  and  there  is  more 
certiiinty  of  securing;  a  perfect  joint  throughout  the  entire 
seuni  lh;in  without  it.  After  ihe  sheets  have  been  secured 
ill  ])lace  .so  that  they  i;in  not  shift  or  get  out  of  place  while 
soldering,  the  scam  shuuld  be  closed  with  the  mallet.  A 
proper  flux  is  thirn  ai)plicil,  and  the  hot  soldering  bit  is  held 
against  the  head  of  the  scam  as  shown  in  Fii;,  200.  The  point 
rests  upon  the  seain,  and  a  little  solder  is  melted  from  the 
bar  C.  and  fliiwed  to  the  point  of  the  bit.     As  soon  as  the 
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ictal  becomes  hot  enough,  the  solder  will  swi-ai  into  the 
iterior  of  the  scam,  and  the  manner  of  its  disappear- 
ICC  or  soakiDg  into  the  seam  will  indicate  to  the  cx- 
srienced  eye  whether  or  not  the  work  is  being  properly 
Brformed. 

When  the  tempcralurc  of  the  bit  falls  near  to  the  fusing 
oint  of  the  solder,  or  is  cold,  the  solder  will  not  flow  into 
le  interior  of  the  scum,  but  will  adhere  at  the  edges  only. 
'he  result  is  called  skin  soldering,  and  should  always  be 
h-i>ided.  Cold  bits  should  not  be  worked  back  and  forth 
per  the  scam  with  the  expectation  of  working  the  solder  in; 
le  aclicn  will  only  aggravate  the  "skin  work."  If  the 
itcrior  is  poorly  soldered,  nothing  but  a  hot  bit  will  cause 
he  solder  to  flow  and  spread  properly. 

Lap,  or  lock,  seams  should  not  be  soldered  in  a  vertical 
Nisition  with  the  bit,  but  should  be  laid  horizontally,  because 
here  is  great difficnlty  in  securing  a  solid  joint;  it  is  very 
ikcly  to  be  skinned  over,  in  spite  of  the  care  that  may  be 
icstowed  upon  il. 

782.  Plat  tteumn,  in  Hlt««t  leutl.  ^Imukl  be  Inillai,  as 
D  Fig.  201.  The  edges  of  the  sherls  A,  A  are  straightened 
ly  rasping  or  planing, 
,nil  are  afterwards 
irveled  with  the  shave 
loiik,  so  that  when 
he  sheets  are  laid  as 
hown,  ihcrc  will  be 
I    V  groove    between  i<;.i»i- 

hem.  The  angle  of  this  groove  should  be  sufficient  to 
tcrmit  the  edge  of  the  hatchet  bit  to  penetrate  nearly  to  the 
Kitlomof  it.  Soil  is  then  applied  in  a  strip  about  Ihree- 
burths  of  an  inch  wide  along  both  edges,  on  both  top  and 
RUlom  sides  of  the  sheets,  as  shown  at  B,  H,  and  this  should 
fc  dried  before  proceeding  to  solder.  The  joint  should  be 
BJf]  upon  a  board;  if  it  rests  upon  a  metal  surface  the  heat 
rill  be  conducted  away  or  rabbed  from  the  edges  to  be  joined, 
O  rapidly  that  good  soldering  can  not  be  done. 


osa 
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If  the  work  must  be  done  on  a  metal  surface,  lay  two  or 
three  thicknesses  of  thick  paper  under  the  joint. 

After  the  lead  sheets  are  securely  fastened  in  position,  the 
edges  of  the  joint  may  be  tacked  together  with  a  drop  of 
solder  at  intervals  of  three  to  six  inches.  The  hatchet  bit 
A,  shown  in  Fig.  202,  must  be  well  tinned  upon  the  sides. 


as  at  a.  Solder  is  fed  to  the  seam  by  rubbing  the  end  of  a 
bar  B  against  the  tinned  side  of  the  bit.  The  groove  is 
filled  with  solder  during  the  first  operation,  and  the  floating, 
or  smoothing  and  finishing,  is  performed  afterwards  as  a 
second  operation. 

As  there  is  only  a  comparatively  small  margin  of  differ- 
ence in  the  melting  points  of  solder  and  lead,  great  care 
must  be  taken  to  regulate  the  temperature  of  the  bit  and 
avoid  burning  holes  in  the  lead.  If  the  bit  is  too  hot,  the 
work  must  be  touched  very  lightly  and  the  solder  must  be 
fed  very  rapidly,  but  as  it  reaches  the  lower  limit  of  heat  it 
may  be  allowed  to  bear  its  weight  upon  the  seam  and  to 
proceed  slowly.  The  scam  should  be  filled  uniformly  with 
solder  throughout  its  leugth. 

Then,  while  it  is  still  warm,  proceed  to  float  it.  Sprinkle 
it  with  resin,  then  take  the  hatchet  bit,  sink  it  into  the 
seam  and  draw  it  along  slowly  and  steadily  at  a  speed  varying 
with  the  heat  of  the  bit.     This  floating  operation  levels  off 
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c  solder  and  shuiild  leave  a  flat,  smooth,  antl  shiiiing  beaded 
am,  as  at  C  in  Fig,  201. 

I  783.     A  b«ad4£<l  Joint  on  lead  pipe  may  be  made  as 

iowfi   in    Fig.    203.     The  ends   are   beveled  in   a  similar 

nner,  and  arc  butted  solidly  together,  care  being  taken 

o  crevice  exists  between  the  ends  through  which  solder 

1  run  into  the  interior  of  the  pipe.     The  parts  are  then 

Kked  in  position,  and  the  groove  is  filled  with  solder.     The 


floating  is  done  while  the  pipe  is  slowly  turned.     This  joint 

^a  much  .superior  to  the  cup  joint  shown  in  Fig.  204.     If  the 

is  not  carefully  fitted,  or  if  it  is  burned,  the  solder  is 

bble  to  Row  inside,  as  shown  at  tt.  and  will  soon  be  the 

tause  of  a  chokagc  in  the  pipe,  should  it  be  used  as  u  waste 

784.  The  cup  Joint,  shown  in  Fig.  304,  is  a  cheap 
Sorm  of  joint  for  lead  pipes.  It  is  suitable  only  for  light 
Jipe  vfhich  is  subjected  to  little  or  no  pressure,  and  is  not 
>  be  recommended  on  gn<id  work.  It  is  generally  recog- 
iitizcd  in  the  plumbing  trade  as  one  of  the  many  ways  of 
tcLccting  a  plumber's  status. 
The  best  plumbers  in  this  country  seldom,  if  ever,  risk  a 
feup  joint  on  a  good  job. 

The  cup  juint  is  chiefly  resorted  to  by  tinsmiths  in  country 
pillages,  and  others  who  can  not  wipe  a  good  joint. 

One  end  of  the  pipe  is  cupped  with  the  turn  pin,  as  shown 
bit  A,  and  the  other  end  B  is  shaved  and  beveled  to  fit  A. 
TThc  fitting  must  be  carefully  done,  so  that  no  crevice  exists 
P.    It.—e, 
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between  the  ends  by  which  solder  may  run  through  to  thi 
interior  of  the  pipe.  The  beveled  end  must  be  cleaned  1 
at  least  i  inch  above  the  edge  of  the  cup  .i,  and  soil  should 
be  applied  to  about  J-  inch  above  the  cleaned  surface. 
Sprinkle  powdered  resin  in  the  cup,  and  proceed  to  fill  the 
cup  with  solder,  being  careful  to  avoid  burning  either  t 
side  of  the  pipe  or  the  edge  of  the  cup.     Fill  the  cup  a  lit 


more  than  half  full  of  solder,  sprinkle  a  little  more  resin 
upon  it,  and  then  float  it  by  means  of  a  long-pointed  bit  6, 
as  shown.  Sink  the  point  deep  into  the  solder  and  move  it 
slowly  around  the  cup,  The  solder  should  be  left  smooth, 
bright,  and  curved,  as  shown  at  a. 

Fig.  205  shows  a  bad  job.  The  fit  between  the  ends  was 
so  bad  that  solder  ran  through  the  joint  and  formed  beads 
and  sharp-pointed  drops,  sometinies  called  "sogers."  upon 
the  inside  of  the  pipe.     These  will  calch  lint,  hair,  etc.,  and 
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bus  choke  the  pipe.  By  bearing  ugainst  the  side  of  iht; 
llpc  wilh  the  hot  bit,  a  hole  has  been  burned  through 
it  /I  and  nearly  through 
*  B,  while  the  ctlge  of  the 
lop  has  been  burned  at  C, 
785.  Solder  Mpplu 
loinld.— Connection?;  Ik-- 
ween  pipes  whirh  arc 
mited  by  solder  to  other 
>il>es  whicn  are  joined 
ly  screw  threads  may  lie 
CUide  by  means  nf  a  Moldcr 
llppl«.  EH  shown  in  I'ig. 
»(!.  The  nipple  C  is  nuidir 
A  brass  and  is  joined  in 
Ihe  lead  pipe  A  by  a  wii>cd 

lint    /'.    as  sh.iwn  ;     the 

ppositc  end   is   provided 

ith    an   cslernal    scr.-w, 

hich  is  adapted  to  inn-  Prn.-j>B. 

nect   with  a  threaded   fitting,  as  at  B.     A  square  or  hex- 
agonal shoulder  E  is  cast  on  the  nipple  to  facilitate  screwing 


up.  A  lead  pipe  should  ni^virr  be  wiped  onto  an  iron 
pipe.  A  brass  or  topper  suldcr  nipple  sliuuld  always  be 
employed. 

78B.  The  uvercuMt  Jiilot  shown  in  Fig.  2IJ7  is  com- 
monly uw-nl  to  tonnKCt  a  lead  l)i|»e  to  a  very  shnrt  and  small 
nipple  or  half  coupling  !i,  oa  shown.     The  lead  pipe  6  is 
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beveled  at  the  end,  and  is  closely  fitted  to  the  brass  nipple 
E.  The  solder  is  first  applied  near  A,  and  is  floated  by 
moving  the  bit  from  A  towards  B,  thereby  overcasting  the 


metal  upon  the  lead  pipe.  The  outer  surface  of  the  solder 
will  be  more  or  less  rough,  according  to  the  skill  with  which 
the  bit  is  handled.  Care  must  be  taken  to  thoroughly  tin 
the  metals  to  be  joined  before  overcasting. 

787.  Wiped  Joints. — This  process  of  making  joints, 
called  ivlpinfc,  is  used  for  joining  lead  to  lead  or  to  brass  or 
copper,  etc. 

In  making  these  joints,  the  metals  to  be  joined  should  be 
heated  to  a  temperature  nearly  equal  to  that  of  the  fusing 
point  of  the  solder  applied.  Care  should  be  taken  that  they 
are  not  heated  to  their  own  melting  point. 

The  parts  are  heated  by  pouring  over  them  a  quantity  of 
molten  solder,  the  proper  temperature  of  which  varies  with 
different  classes  of  work.  The  solder  usually  employed  for 
wiping  is  composed  of  two  parts  of  lead  to  one  part  of  tin 
and  melts  at  a  temperature  of  about  441°.  When  used  for 
wiping  lead  it  should  be  heated  to,  but  not  over,  C3C°,  which 
is  the  fusion  point  of  lead.  This  allows  a  margin  of  about 
ISo"  which  is  available  for  heating  the  metals  to  lie  joined. 
The  solder  pot  should  be  kept  at  that  temperature  as  nearly 

In  wiping  jnints  on  lead  pipe,  the  parts  to  be  joined  are 
scribfd,  sdiltd,  shaved,  broclcd,  and  cupped^  as  shown  in  Fig. 
aort.  The  parts  A  and  />'  must  be  carefully  fitted  together 
so  that  solder  can  not  run  Ihroiigli  to  the  inside  of  the  pipe. 
To  prevent  the  shaved  portions  from  tarnishing  before  wip- 
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iog,  tney  should  be  rubbed  with  mutton  talluw,  which  also 
lonas  the  flux. 


The  length  of  the  joint,  that  is,  the  distance  between  x 
And  7,  should  be  about  equal  li>  that  given  in  the  following 
'  nble  : 

TAIll.K  36. 


USNOTH    OF    WIPB   JOINTS   FOB    I.BAD   Pn*K. 


Dtam- 
vicr  (it 
Pipe. 
Inches. 

Lenglh 

Diameter  of 

Length 

Diameter  of 

Length 

nf  Joint, 

Pipe. 

..(J.Mnl. 

Pipe, 

of  J. .int. 

Inches, 

Inches. 

Inches. 

Inches, 

Inches. 

i 

n 

H  water 

3 

2  waste 

2* 

s 

2i 

H  waste 

2 

aj  waste 

2f 

i 

n 

H  waste 

H 

3  waste 

2i 

1 

n 

li  waste 

n 

i  waste 

3 

For  larger  than   4-inch,  the  joint  may  be  from  three  to 

lloarincheslungif  it  be  madein  a  horizontal  position.     Joints 

which  are  made  shorter  than  glx-en  In  the  above  table  are 

I  liable  to  be  weak,  and  those  made  longer  involve  a  waste  of 

I  solder. 

The  parts  should  be  carefully  secured  in  place  so  thai 
Jicy  cnn  not  shift  while  the  joint  is  being  wiped.  In  I^ig, 
lOtt  they  arc  held  steady  by  the  use  of  two  bricks  A,  A.     Of 
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course,  special  clamps  may  be  made  or  purchased  for  the 
purpose;  but  in  ordinary  work,  bricks  are  generally  used.     A 


space  of  at  least  four  inches  must  be  had  below  and  on  both 
sides  of  the  joint,  to  provide  room  for  the  movement  of  the 
hands  and  the  cloth. 

788.  To  make  a  joint  in  an  ordinary  J-inch  lead  water- 
pipe,  about  10  pounds  of  soider  should  be  melted  in  the  pot 
and  heated  to  the  proper  temperature.  Warm  the  wiping 
cloth  until  it  becomes  pliable,  and  hold  it  in  the  left  hand, 
steadying  it  with  the  thumb,  iis  shown  in  Fig.  -^OO.  The 
cloth  should  form  a  di.sh,  or  hollow,  to  receive  and  retain 
the  solder  which  falls  from  the  joint,  in  order  to  heat  the 
under  side  of  it.  Joints  wiped  in  this  manner  are  generally 
classed  as  underhand  wiped  Joints.  The  parts  which 
are  to  receive  solder  having  been  rubbed  with  mutton  tallow, 
and  securely  fastened,  the  solder  in  the  pot  is  thoroughly 
stirred  and  taken  up  with  a  ladle.  The  solder  is  then  slowly 
poured  over  the  joint,  as  shown  in  the  figure,  taking  care  to 
heat  the  parts  uniformly  all  around.  When  a  quantity  of 
the  solder  has  been  caught  in  the  cloth  it  should  be  worked 
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around  onto  the  top,  then  more  solder  poured  on  this,  catch- 
ing the  surplus  with  the  cloth,  as  before,  and  heating  the 
under  side  with  it.  When  the  solder  on  the  pipe  has  become 
hot  as  to  be  plastic,  and  is  inclined  to  slide  or  drop  off, 
i  if  it  is  certain  that  the  surfaces  are  thoroughly  tinned, 
and  that  the  pipe  is  sufficiently  hot  to  maintain  the  solder  in 
a  plastic  condition  long  enough  to  perform  the  necessary 
work,  and  also  that  there  is  enough  plastic  solder  to  make  a 
good  joint,  pouring  should  be  stopped  and  the  wiping  begun. 
The  colder  pieces  of  solder  which  have  set,  or  are  beginning 
to  set,  arc  first  thrown  off  the  joinl,  then  the  edge  of  the 
cleaned  parts  which  limit  the  ends  of  the  joint  are  found, 
and  the  solder  is  formed  into  the  shape  desired,  hollowing 
the  cloth  for  that  purpose.     At  the  time  of  forming  the  joint, 


all  of  the  superfluous  solder  should  be  thrown  off.  The  joint 
is  then  finished  by  working  the  cloth  around  from  bottom  to 
top,  on  both  sides,  and  by  finally  drawing  the  cloth  lightly 
across  the  top.  This  movement  frequently  leaves  some 
solder  projecting  over  onto  the  soiling,  as  shown  at  a  in  Fig. 
210.  This  should  be  broken  off  as  soon  as  formed,  by  lifting 
it  with  a  knife-blade.  It  should  not  be  cut  off  with  a  knife, 
since  the  lead  pipe  is  still  quite  soft,  and  the  blade  is  very 
apt  to  cut  into  and  weaken  it. 

Some  workmen  finish  wiping  with  a  very  quick  motion  of 
the  cloth,  which  throws  the  surplus  solder  tangentially  from 
the  joint  and  leaves  the  line  of  finishing  scarcely  visible. 
This  method,  however,  scatters  the  solder  over  the  floors, 
where  it  picks  up  impurities. 

When  the  wiping  is  completed,  the  joint  should  be  cooled 
quickly  by  blowing  a  spray  of  water  on  it,  to  save  time, 
because  the  joint  must  not  be  handled  until  it  has  cooled. 
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Rapid  cooling  also  chills  the  surface  and  prevents  the  tij 
from  separating  from  the  lead  in  cooling,  and  settling  t 
the  bottom  of  the  joint.     It  also  improves  the  appearance 
of  the  joint  by  making  it  bright. 

The  liability  to  overheat  the  pipe  and  burn  holes  in  i 
increases  with  its  thinness  and  diameter. 

789.  In  Fig.  211  is  shown  the  manner  of  wiping  a  joinS 
in  a  concealed  place,  the  joint  in  the  pipe  B  being  c 
the  sight  of  the  workman.  This  is  done  by  placing  a  candlej 
A  so  as  to  illuminate  the  back  of  the  pipe,  and  two  mirrorgj 
C  and  D,  so  as  to  reflect  the  image  of  the  pipe.  The  forma- 1 
tion  of  the  joint  must  be  governed  mainly  by  feeling  thai 
solder  while  working. 


Care  must  be  taken,  in  doing  this  kind  of  work,  to  spret 
the  solder  well  over  the  soiled  parts  of  the  pipe,  otherwise  J 
hole  may  be  burned  through  the  top  of  the  joint.     Soldejl 
will  then  enter  the  pipe  as  shown  at  E.     Pa|jcr  should  I 
spread  underneath  the  pipe  to  catch  the  surplus  solder  whiql; 
is  sure  to  fall  off  in  such  work,  as  shown  at  F. 

Joints  in  large  horizontal  pipes  may  be  wiped  in  sevei 
heats,  or  two  men  may  operate  simultaneously,  one  o 
side.     The  open  ends  of  the  pipe  are  first  closed  to  preveOl 
a  draft  of  air  through  it,  so  as  not  to  convey  heat  from  tfail 
joint  to  the  outer  atmosphere.     Molten  solder  is  then  cart 
fully  poured  upon  the  shaved  ends  until  enough  adheres  tq 
form  the  joint.     The  temperature  of  the  pipe  near  the  joitifl 
and  the  solder  upon  it  is  then  raised  to  the  melting  point  q 
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the  solder  by  a  gasoline  torch  similar  to  that  shown  in  Fig. 
Ifi?.  The  torch  flame  is  then  suddenly  withdrawn,  and  the 
now  plastic  solder  is  easily  formed  into  the  proper  shape. 
Should  the  solder  begin  to  set  before  the  joint  is  entirely 
wiped,  more  heat  can  be  applied  by  the  torch.  Joints  over 
four  inches  in  diameter  are  seldom  found  in  modern  house 
plumbing. 

790.  Tee  Branch  Joints. — The  manner  of  making  a 
T  branch  joint  is  shown  in  Figs.  212,  213,  and  214.  A  hole 
should  first  be  bored  in  the  main  pipe  with  the  tap  borer, 
and  then  the  edge  turned  outwards  with  a  bending  pin  C, 
as  shown  in  Fig.  212,  care  being  taken  not  to  form  an  edge 
H  projecting  inwards.  The  outwardly  turned  edge  should 
then  be  shaped  hy  the  turn  pin  into  a  cup  to  receive  the  end 
of  the  branch  pipe,  which  should  be  beveled  and  shaved  as 


^n  ordinary  straight  joint.  If  possible,  clamps  should 
T>e  used  to  draw  the  joint  together.  The  joint  is  then 
wiped  as  in  the  rase  of  a  plain  straight  joint,  except  that 
the  joint  is  to  be  finished  at  the  bottom  instead  of  the  top. 
The  finishing  is  done  by  drawing  the  cloth  from  A  towards 
/!,  in  Fig.  S13,  and  then  immediately  cooling  the  joint,  to 
jirevcnt  the  tin  from  falling  to  the  under  side,  where  it  will 
cither  fall  off  entirely,  thereby  leaving  a  hole  behind,  or  will 
hang  on  in  t''e  form  of  a  "teat  "  or  bulb. 

7tH.  In  Fig.  314  are  shown  two  sections  of  a  branch 
joint  in  which  the  correct  and  incorrect  forms  of  preparing 
and  wiping  these  joints  are  shown. 
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At  D  the  cup  in  the  lead  pipe  projects  too  far,  and  alsoA 
the  solder  is  misplaced,  too  much  of  it  being  under  the  cu[>,C 


where  it  is  not  required,  and  too  little  above  it-     The  lead] 
protruding   through   the   solder  weakens   this   part  of  thfr 


fjo.  ac 

joint.     The  side  E  shows  hnw  thL-  cup  should  be  fitted,  an4 
the  form  of  the  solder  when  finished. 


412 


PLUMBING  AND   DRAINAGE. 


and  wiped,  or,  better  still,  it  should  never  have  been  formed. 
{See  Art.  790.)  At  G  is  shown  a  bead  of  solder  which  has 
flowed  into  the  pipe  through  a  bad  fit  in  the  cup.  These 
should  be  carefully  guarded  against. 

792.  In  Fig.  215  is  shown  the  manner  of  wiping  a  T 
branch  Joint  In  an  uprlfcht  position.  If  the  main  pipe 
is  small,  it  should  be  placed  upon  a  narrow  strip  of  wood,  as 
shown  at  /),  to  raise  it  sufficiently  high  from  the  bench  to 
facilitate  wiping,  and  if  it  is  large,  as  shown  at  B,  it  may  lie 
fiat  on  the  bench. 

The  solder  is  usually  poured  upon  the  joint  with  the  ladle. 
Some  plumbers  prefer  to  splash  it  on  at  first  with  a  thin 
piece  of  wood,  called  a  splanh  stick,  to  guard  against  burn-- 
ing  holes  in  the  pipes.  When  the  joint  is  sufficiently  hot 
and  the  solder  begins  to  flow  off,  the  cloth  is  applied  and  \ 


used  as  shown  in  the  upper  figure,  finishing  the  joint  i 
shown  by  that  part  at  the  finger-tips. 

On  large  pipes,  if  the  operator  can  not  accomplish  the  J 
wiping  before  the  solder  begins  to  set,  a  tank  iron  C  is  often  1 
used,  as  shown  in  the  lower  figure,  to  maintain  the  proper:! 
heat. 
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793.  T  Y  Branch  Joint. — In  Fig,  21G  is  shown  a  T  Y 

■  branch  joint.  This  furm  of  joint  should  always  be  wiped 
ton  waste  pipes.  The  arrows  show  the  direction  of  the  flow 
tof  the  water.  A  common  right-angled  branch  joint  does 
I  not  permit  the  waste  water  to  flow  away  with  sufficient  free- 
Bdom.  The  waste  water  is  apt  to  back  up  and  leave  deposits 
f  ..of  grease  and  refuse,  which  eventually  choke  the  pipe.  Joints 
tlike  this  are  usually  wiped  upright,  care  being  taken  to  fit 
v.tbe  pipe  A  so  that  it  can  not  slip  into  B  while  being  wiped. 

794.  FlaoKB  Joints. — The  flange  joints  shown  in  Fig. 

■  317  are  made  by  flanjfing  the  end  of  the  lower  section  of 
Ipipe  over  the  board  A?.      The  upper  section  is  beveled  and 


Iprepared  as  for  an  ordinary  joint       The  solder  is  applied 

ivith  the  ladle  and  is  wiped   tn   the  shape  shown,  with  the 

Isioth. 

The  section  (u)  shows  a  square  corner  at  B  which  should 

I  be  avoided;  the  corner  should  be  rounded  as  shown  in  sec- 

[  lion  (b)  at  C. 

When  a  heavy  weight  is  to  be  borne  by  the  flange,  it 

^should  be  reenforced  by  means  of  a  lead  ring  or  flange  D,  as 

r shown  in  section  (r).  This  should  be  shaved  on  the  top  and 
soiled  on  the  outer  edge  and  bottom,  and  must  he  laid  upon 
the  board  before  the  pipe  is  flanged  over.  Care  must  be 
taken  that  the  flanged  part  of  the  pipe  is  thoroughly  tinned 
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before  proceeding  to  wipe.  When  making  flanged  joi 
against  finished  walls  <tr  on  floors,  the  woodwork  should  bal 
protected  by  sheets  of  thick  paper,  as  otherwise  the  hot9 
solder  will  scorch  or  disfigure  it.  The  flanges  of  sections  (i)l 
and  (J)  are  liable  to  be  thinned  too  much,  or  even  split  inJ 
flanging  them  over  on  the  board,  and  on  account  of  thisthes&l 
joints  are  usually  made  too  narrow.  When  a  separate  flangal 
or  ring,  as  shown  at  (c),  is  used,  a  wider  and  much  neater! 
joint  is  obtained.  Only  this  latter  form  of  flange  joint^ 
should  be  used. 

795.  UprlgUt  Wiped  Joints. — The  process  of  pr&>J 
paring  joints  for  wiping  in  an  upright  position  is  similar  toJ 
that  already  explained  for  joints  in  other  positions. 

In  Fig.  21S  is  shown  the  manner  in  which  a  brass  ferrule  1 
is  joined  to  a  IclkI  waste  or  sn.i!  pipe  by  wiping  the  joint  in  an  I 


■D« 


upright  posit ioti.     The  vcriii.:il  st-ctionat  theright  showsthe  J 
construction  of  the  joint.     The  ferrule  Fis  prepared  by  firsU^ 
tinning  its  upper  edge,  also  its  outer  surface  to  a  dtstancea 
about  1  inch  below  the  top  edge. 

The  lead  pipe  B  should  be  shaved  to  about  the  same  heighl 
above  the  edge  of  the  ferrule,  and  a  half  inch  or  so  below  id 
allowance  being  made  for  the  projection  of  the  pipe  beyond 
the  lower  end  of  the  ferrule.     The   pipe   should   then  1 
slipped  through  the  ferrule  and  doubled  over,  as  shown  in  tl 
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Mction  at  D,  the  lead  extending  upwards  on  the  ferrule 

ibout  \  inch.     The  pipe  should  then  be  placed  upright  on  a 

tench,   as  shown,   and  braced  in  position.     After  i^uxing, 

mall  quantities  of  solder  should  be  applied  with   a  splash 

t  until  the  shaved  surfaces  are  covered.     After  this  the 

Ider  may  be  poured  on  with  the  ladle,  retaining  il  in  place 

I  the  cloth  until  a  sufficient  quantity  of  plastic  solder  has 

»n  obtained,  and  then  the  solder  may  be  formed  into  the 

broper   shape  with  circular  sweeps  of  the  cloth,  as  shown 

I  the  figure,   making  the  last  movement  across  the  joint 

ind  downwards.      Care   should  be  taken  not  to  leave  loo 

touch    solder  at  S,  since  it  will  interfere  with  the  calking 

operation  when  joining  the  lead  pipe  to  an  iron  drain  or  soil 

lipc, 

The  waste  solder  A  which  falls  upon  the  bench  or  paper 
jHnder  the  ferrule  should  be  detached  from  the  work  before 
t  becomes  set.     I(  it  sets  before  il  can  be  removed,  a  hot  iron 
lay  be  used  to  divide  it. 

hen  wiping  large  upright  joints,  the  heat  may  be  applied 

^  a  tank  iron,  a  blowpipe,  or  a  gasoline  torch,  as  circum- 

ktances  may  require.     Two  or  more  men  may  be  employed 

1  the  same  joint  at  the  same  time  in  order  to  finish  it  in 

le  heat,  or  one  man  may  do  it  in  several  heals.     If  the 

Bieans  at  hand  for  heating  the  joint  are  sufficient,  there  is 

a  more  difficulty  in  wiping  large  joints  than  in  small  ones. 

When  joints  are  to  be  wiped  in  upright  pipeii  which  arc 

Already  in  position,  a  collar  should  be  attached  temporarily 

I  the  pipes  directly  under  the   joints,  so  as  to  catch  ihe 

nlder  and  to  raise  the  temperature  of  that  part  of  the  pipe 

Ader  the  joint. 


796.  In  Fig.  21(1  is  shown  a  piece  of  lead  pipi;  with  a 
»Ilar  A  in  position,  which  is  supported  by  a  cord  C  lied 
■round  the  pipe.  The  collar  should  be  cut  to  a  pattern  about 
limilar  to  /•",  sn  that  when  it  is  formed  around  the  pipe  the 
K>inls  ^  and  j;- can  be  doubled  over  and  locked  together,  as 
'■  D,  lu  prevent  it  from  spreading  apart  when  the  solder 
alls  into  it. 


416 


PLUMBING  AND   DRAINAGE. 


These  collars  are  best  when  made  of  sheet  lead,  as  this 
metal  is  very  pliable  and  has  no  spring  to  it.  The  inner  sur- 
face of  the  collar  should  be  coated  with  soil  to  prevent  the 


Pig.  219. 

solder  from  adhering  to  it.  The  same  collar  can  be  used 
over  and  over  again  by  simply  soiling  its  inner  surface  upon 
each  application.  Paper  collars  are  sometimes  used,  but 
they  are  not  so  satisfactory. 

797.  Blow^pipe  Soldering.— Blowpipe  soldering  is 
done  chiefly  on  small  tubing  and  other  small  articles.  The 
tube  is  prepared  in  the  same  manner  as  a  cup  joint.  The 
solder  is  applied  by  holding  a  thin  strip  of  it  in  the  flame 
close  to  the  joint,  so  that  the  molten  part  will  fall  into  the 
cup.  When  the  cup  is  full  of  solder,  it  is  sweated  by  heat- 
ing the  joint  all  around,  and  causing  the  solder  to  flow,  which 
makes  a  clean  and  strong  joint. 

In  Fig.  220  is  shown  the  manner  of  making  a  blowpipe 
joint,  in  which  A  is  the  blowpipe  blown  by  the  mouth,  B  an 
alcohol  lamp,  and  Cthe  pipe  in  which  the  joint  is  to  be  made. 

By  means  of  the  blowpipe  the  alcohol  flame  D  is  blown 
against  the  sides  of  the  pipe  as  shown.  To  obtain  the  best 
results  the  blowpipe  should  be  held  in  such  a  position  that 
the  portion  E  of  the  flame  D  when  blown  against  the  pipe 
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irili  be  noiseless.     The  wind  pres-sure  should  be  steady  and 
5  point  of  application  to  the  flame  should  be  constant.  This 
icr  of  soldering  is  best  adapted  for  thin  tubes  of  block 
r  tin  alloys  whose  temperature  of  fusion  is  low,  as  the 
can  be  applied  to  the  pipe  or  to  the  solder  at  will.    The 


pipe  can  be  uniformly  heated  to  the  fusion  point  of  the  solder 
with  little  danger  of  burning  it.  Care  must  be  taken  to 
keep  the  flame  shifting  about  so  as  to  avoid  loo  much  heal 
c  spot,  as  otherwise  ugly  holes  are  apt  to  result. 


WIPING    SBAM8    IN    TANK    LININGS. 

798.     The  inside  of  house  tanks  is  generally  lined  either 

rith  sheet  lead  or  sheet  copper  tinned  on  one  side.     The 

»  of  the  lining,  or  the  points  where  the  sheets  forming 

[he  lining  are  joined,  are  usually  wiped  with  solder  to  make 

Jiera  watertight.    The  sheets  are  cut  to  fit  the  inside  of  the 

ftank,  so  as  t<>  havoas  few  seams  as  possible. 

7}W.  bead  llntnisH  are  usually  prepared  outside  of  the 
tank  and  then  put  int..  place.  In  doing  this  the  lead  is  first 
Jolled  out  on  a  flat  surface  and  thi-n  cut  to  fit  the  tank. 
ffhe  edges  which  are  to  be  wiped  are  then  soiled  to  .i  width 
tS  about  four  inches,  and  are  shaved  an<l  covered  with  lal- 
jbvr  to  a  distance  of  about  one  inch  from  the  i;dj;e.  In  small 
inks  the  M^-ims  are  usually  butted  together,  and  in  large 
P.    11—7 
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ones  they  are  lapped.  When  they  are  to  be  lapped,  about 
one-half  inch  should  be  allowed  for  lapping,  and  it  is  usual 
to  shave  the  sheets  in  position. 

After  the  edges  of  the  sheets  are  properly  shaved,  soiled, 
and  fitted  into  place,  they  should  be  firmly  secured  by  means 
of  tinned  chut  nails  driven  through  the  lead  into  the  wood] 
work  at  intervals  of  aboiti  2  inches.  This  is  to  prevent  th4 
edges  of  the  sheets  from  bulging  by  their  expansion  whfc| 
healed,  The  sheets  must  be  otherwise  supported,  as  exi 
plained  in  Art   801.     The  wipmg  should  be  commenced  a 


the  top  of  the  upright  seams  and  worked  downwards,  poi 
ing  the  solder  from  the  ladle  against  the  seams  by  means  d 
apouring  stick.   A  pouring  stick  ia  simply  a  strip  of  wooda 
convenient  length,  having  a  groove  cut  in  the  upper  side  1 
guide  the  solder  against  the  seam.     The  lank  iron  is  coiij 
inonly  used  to  maintain  the  proper  working  heat  and  to  tid 
the   cleaning.      The   iron  should   be  worked  up  and  dom 
against  the  seam  through  a  sweep  of  about   18  inches,  and 
when  the  solder  begins  to  flow  it  should  be  wiped  to  the 
proper  shape  with  the  cloth.    Alternate  sweeps  should  be 
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ladc  with  the  iron  and  cloth  until  the  bottom  is  reached, 
irc  being  taken  to  prevent  the  solder  from  falling  down. 
In  Fig.  221  is  shown  an  inside  corner  of  a  lead-lined  t:ink 
in  which  the  upright  corner  scam  is  wiped.  In  wiping  up- 
right corner  seams  which  rise  from  the  horizontal  corner 
scams,  as  shown  in  the  figure,  a  short  distance  of  the  latter 
should  be  wiped  as  shoivn  at  .1.  This  is  done  to  facilitate 
the  easy  connection  in  wiping  the  horizontal  corner  seams. 
In  wiping  the  horixontal  corner  scams,  the  surplus  solder 
Torn  the  upright  seams,  us  at  B,  is  Urst  melted  by  the  tank 
iron  and  then  spread  in  the  corner  with  the  cloth.  The 
tank  iron  is  then  used  to  raise  the  seam  to  the  proper  heat, 
and  the  wiping  is  continued  with  the  cloth.  Care  should 
tie  taken  to  work  the  surplus  solder  well  ahead  and  allow 
Done  to  spread  unnecessarily.  The  nail  heads  should  be 
well  covered  with  solder,  as  otherwise  a  leak  will  be  the 
result. 

HOO.     In  lining  bouse  tanks  with   Mheet  copper,  the 

seams,  which  can  be  made  in  a  bonzimtal  position,  are  usu- 
ally soldered  with  a  bit,  but  all  upright  seams  which  must  be 
made  in  position  should  be  wiped  in  a  manner  similar  to 
'that  described  above,  with  this  difference,  that  no  soil  is 
used.  If  a  tank  iron  is  used  to  maintain  the  heat  of  the 
scamfi  while  wiping  them,  a  strip  of  paper  should  be  pasted 
'On  the  copper  for  the  same  purpose  that  soil  is  used  on  lead. 
If  a  gasdltne  torch  is  used  to  raise  the  heat  of  the  scam,  the 
'tinned  surface  of  the  copper  is  left  uncovered.  The  seams 
of  cop[>cr  linings  should  always  be  locked  or  dnultlv 
cuniKfl  in  such  a  manner  that  the  tinned  surface  of  the 
Copper  shall  come  together  in  the  lock  as  explained  in 
Art.  781. 

If  the  copper  sheets  are  not  tinned,  the  edges  must  first 
K  tinned  (<<  a  suitable  width  with  the  solder  bit,  using 
Hiloride  uf  Kinc  as  the  llux.  The  upright  seams  are  secured 
»  the  tank  with  tinned  nails  to  prevent  them  frum  bulging 
irhile  being  wiped. 
The  application  of  the  solder  to  the  seams  and  the  wiping 
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of  them  arc  the  same  as  for  those  in  lead-lined  tanks,  except! 
thai  the  solder  must  be  worked  ahead,  as  otherwise  it  will! 
adhere  fast  lo  the  tinned  surface  of  the  copper  sheets.  If  as 
tank  which  is  lined  with  tinned  copper  is  properly  wiped,J 
the  seams  will  be  smooth  and  almost  invisible. 


LIKING   TANKS,   SINKS,   ETC. 

SOI.  The  thickness  of  the  metal  sheets  which  are  Use(B 
for  lining  tanks  should  vary  according  lo  the  depth  of  thK 
water.      For  a  tank  about  four  feet  deep,  sistcen-ounce  £ 


twenty-ounce  copper,  or 
proper.      The 


pound  sheet  lead, 
if   the  parts  into  which    the   lining  i 


divided  is  governed    by   their  weight  and  the  facilities  at 
hand  for  lifting  and  handling  them,  etc. 
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[For  example,  a  t;ink  three  feet  six  inches  deep  inside, 
*ir  feet  ten  inches  wide,  by  six  feet  tea  inches  long,  is  to  be 
led  with  seven-pound  sheet  lead.  Fig.  223  shows  how  the 
ning  should  he  divided.  Allowing  one  inch  for  l^ipiiing 
P/cT  the  top  edges  of  the  tank,  also  one  inch  for  lapping  at 
^e  comer  seams,  one  side  and  a  half  of  the  bottom  will 
^igh  over  380  pounds,  and  each  end  will  weigh  over 
J  pounds;  consequently,  these  pieces  are  about  as  large  as 
1  be  conveniently  handled,  espefially  in  so  small  a  space. 
1  a  sm.tller  tank  the  bottom  and  sides  may  be  put  in  in  one 
In  the  figure  the  black  margins  show  the  soil- 
ing,  and  A  and  B  show  the  wiped  seams.  The  flat  seam  A 
Biay  be  wiped  or  floated  as  previously  described. 

To  support  Uie  sheets  in  place,  they  should  be  doubled 
r  upon  the  top  edges  of  the  tank  and  be  securely  fastened 
prith  tinned  nails.  The  sheets  should  be  secured  to  the 
[des  of  the  tank  at  intervals,  as  shown  at  C,  to  prevent 
blging  inwards.  The  wood  at  these  points  is  gimged  out, 
tfming  a  countersink  about  one-half  inch  deep,  as  shown 
'  the  section  at  the  right.  The  lead  is  dressed  into  the 
■vity  and  is  fastened  with  a  brass  screw  which  has  been 
isly  tinned.  Solder  is  then  wiped  over  the  screw, 
ling  the  cavity  flush,  which  then  makes  the  attachment 
secure  and  water-tight. 

In  the  case  of  large  surfaces,  these  solder  dotti,  as  they 
ate  called,  should  be  located  from  'ii  to  30  inches  apart. 

Sheet-copper  linings  should  be  similarly  secured  to  the 
^des,  the  fastenings  being  from  :1  to  4  feet  apart  uiwn  large 
iltrfaccs.  For  tank  linings,  copper  should  always  be  tinned 
kpon  that  side  which  is  touched  by  the  water. 

In  lining  Iwith-tubs,  etc.,  where  the  copjjcr  will  encounter 
tot  water,  it  will  expand  considerably,  and  if  the  sides  or 
tottom  are  flat,  it  will  bulge.  This  should  be  prevented 
fcy  means  of  solder  diits  at  the  points  where  the  bulging  is 
[cly  U)  occur. 
I  For  covering  the  top  board  of  pantry  sinks,  etc.,  sheet 
[n,  rolled  from  pure  block  tin,  is  preferable  to  lead,  nine,  or 
ipper.      It  tarnishes  very  slowly,  is  easily  kept  clean,  is 
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durable,  and  it  easily  receives  a  high  polish,  which  makes  it 
resemble  silver. 

802.     In  Fig.  223  is  shown  the  manner  of  cutting  the 
block-tin  sheet  to  cover  the  wooden  top  of  a  pantry  sink, 


i 


Fig.  2S9. 

which  is  shown  by  the  dotted  lines.  The  sheet  is  cut  at  /: 
and  £  larger  than  the  top,  and  at  A  and  A  smaller  than  the 
hole  in  the  top,  so  that  it  may  be  bent  around  the  edges  and 
nailed  underneath,  as  shown  in  the  section  at  the  right. 
Sufficient  metal  is  left  on  at  C  and  C^  to  form  upstands  or 
splash  plates^  C  being  of  such  shape  that  when  the  plates 
are  turned  up  the  part  D  can  be  bent  around  (7,  to  form  a 
lap  joint  in  the  corner.  This  joint  is  then  neatly  soldered 
with  the  blowpipe. 

The  sectional  view  shows  the  top  covered  and  C  and  C^ 
bent  up  in  position.     The  tin  can  be  bent  neatly  over  the 
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outside  corner  //by  smoothing  it  down  with  a  hot  flat-iron. 
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The  margin  of  tin  allowed  at  A  and  A  can  be  worked  down 
and  under  the  cover  by  means  of  a  warm,  smooth,  round 
bar  A,  Fig,  224,  which  shows  the  manner  of  applying  it. 


I 


BRAZING. 

S03>  Braxlng  ifi  a  process  of  joining  two  or  more 
metals  by  a  solder  known  as  hard  solder,  whose  tempera- 
ture of  fusion  is  much  higher  than  that  of  soft  solders,  and 
whose  tenacity  is  greater.  Hard  solders,  as  shown  in  the 
tabic  in  Art.  771,  are  composed  of  alloys  of  copper,  zinc, 
tin,  silver,  etc  Only  those  metals  whose  temperature  of 
(union  exceeds  that  of  bard  solders,  such,  for  instance,  as 
iron,  copper,  and  brass,  can  be  brazed.  In  this  class  of 
soldering,  the  temperature  required  to  fuse  the  solder  is  so 
high  that  soldering  bits  or  wiping  cloths  can  nut  be  used. 

The  heat  is  usually  applied  to  the  parts  to  be  brazed  by 
means  of  an  intensely  hot  blowpipe  flame. 

Small  articles  may  be  brazed  with  a  mouth  blowpipe,  but 
the  sixes  of  pipe  usually  handled  by  plumbers  require  a  com- 
pound blowpipe,  which  uses  common  illuminating  gas  for 
fuel  and  is  blown  by  a  blast  of  air  from  a  bellows.  Larger 
jobs  having  a  considerable  weight  of  metal  to  be  heated  are 
executed  in  a  forge  fire.  For  brazing  collars,  etc.,  upon 
S  or  3-inch  tubing,  the  tire  is  arched  over  with  coke,  thus 
making  a  hot  chamber  in  which  the  work  may  be  uniformly 
heated. 

fi04.  In  Fig-  'i'iS  is  shown  a  very  convenient  form  of 
bloiwptpe  to  be  used  in  connection  with  a  bellows.     This 


'  is  composed  of  a  gas-pipe  B  having  a  lever  handle  control- 

'  ling  cock  attached :  an  air  or  blast  pipe  A,   also  having  a 

'  lever  handle  controlling  cock  attached,   and  an  iron  pipe 

I  nozzle  C  joined  by  a  special  casting  to  the  pipes  A  and  B. 
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805.     In  Fig.  22G  is  shown  a  form  of  blower  suitable 

for  supplying  air  to  the  blowpipe  shown  in  Fig.  325.  It  is 
composed  of  a  single-acting 
bellows  having  an  air  inlet 
check-valve  in  the  bellows, 
situated  on  the  inside  of  the 
bottom  board  b,  and  another 
on  the  upper  side  of  the  pres- 
sure board  c  and  within  the 
rubber  storage  bag  a.  which 
'  is  enclosed  by  a  network  to 
prevent  its  being  inflated 
too  much. 

'"°  ^  The  bellows  are  operated 

as  follows:  The  top  board,  which  is  hinged  at  the  lower  end 
and  supported  by  a  spring  within  the  bellows,  upon  being 
pushed  down  with  the  foot  compresses  the  air  within  the 
bellows  and  forces  a  portion  of  it  through  the  upper  check- 
valve  into  the  rubber  bag.  When  the  weight  of  the  foot  is 
relieved  from  the  pressure  board,  the  bellows  will  be  again 
filled  with  air  by  the  spring  raising  the  pressure  board.    The 


orkman,  being  repeatedly 
in  this  manner  fill  the 
■,  which  flows  to  the  blowpipe 
n  the  air  cock  at  the  blowpipe 
ubber  bag  serves  to  equalize 


pressure    of   the   foot   < 
applied  to  the  pressure  board,  \ 
rubber  bag  with  compressed  a 
through  the  rubber  tube  d  wh 
is  open.      The  elasticity  of  the  r 
the  pressure  of  the  blast. 

This  form  of  blower  is  capable  of  furnishing  a  strong  and 
nearly  continuous  blast  through  a  jet  ^  inch  in  diameter. 

The  blowpipe  should  be  connected  by  rubber  tubing  to  a 
gas-burner  or  other  supply  and  to  the  blower,  care  being 
taken  that  the  bore  of  the  tubing  is  large  enough  to  avoid 
excessive  friction. 

Air  is  mi.\ed  with  the  gas  before  it  is  consumed  for  several 
reasons,  but  chiefly  because  an  all-gas  flame  is  low  in 
temperature  and  gives  off  products  of  combustion  which  not 
only  tarnish  the  metal,  but  also  cover  it  with  a  coating 
which  separates  the  flame  from  the  metal   being   heated. 
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The  combustion  iif  gasaiul  air  mixtures  is  more  fullytreated 
up.ui  in  the  section  on  Gas  and  Gas  Fitting. 

The  gas  should  tie  turned  on  first,  and  be  lit  at  the  jet; 
air  is  then  admitted  gradnally  until  the  flame  is  brought  to 
the  proper  size  and  color.  If  too  ranch  gas  is  admitted  the 
flame  will  be  yellow,  and  it  will  blacken  the  work  by  deposit- 
ing :i  film  of  carlxin  upon  it.  If  too  much  air  is  admitted  the 
flame  will  be  short,  ragged,  and  noisy,  and  the  temperature 
wilt  be  loo  low  to  properly  heat  the  metal.  The  flame  is  at 
its  greatest  heal  and  best  condition  when  it  burns  with  a 
pale  lilue  or  bluish  green  color,  without  any  white  or  yellow 
parts. 

The  article  to  be  brazed  must  be  well  supported,  and  the 
»icam  should  be  well  bound  together  with  iron  wire  to  prevent 
the  edges  from  warping  out  of  place  when  heated. 

S06<  To  braxe  Joints,  spelter  or  hard si'lder  is  placed 
over  the  scam  in  such  a  manner  that  when  it  fuses  it  will 
flow  by  gravity  into  the  seam.  Paivdcrrd  calcined  borax  is 
then  sprinkled  over  the  seam  for  a  flux,  and  the  blowpipe 
flame  is  applied  chiefly  upon  the  thick  parts  of  the  metal  at 
first,  the  idea  being  to  heat  the  mass  uniformly  to  the 
temi>er:ilure  of  fusion  of  the  spelter, 

The  heat  of  the  metal  is  then  increased,  care  being  taken 
to  avoid  giving  much  more  heat  to  the  speller,  otherwise  it 
may  be  burned  or  spoiled.  As  soon  as  the  metal  is  hot 
enough,  the  borax  will  fuse  and  flow  over  the  parts,  and  as 
the  heat  rises  a  little  higher  the  spelter  will  melt  and  flow 
into  the  ereviee  and  adhere  to  the  faces  of  the  joint.  The 
spelter  will  sweat  into  a  crevice  for  a  considerable  distance 
if  the  metal  is  clean  and  is  properly  heated  through. 

The  melting  point  of  the  spelter  and  of  the  metal  to  which 
it  is  applied  may  not  differ  more  than  Hl)0°  or  Wl";  con- 
sequently, great  care  must  be  exercised  to  avoid  overheating 
Ihe  metal.  The  heat  must  be  applied  uniformly,  otherwise 
the  work  is  liable  to  warp,  and  if  the  flame  is  directed  upon 
one  spot  too  long,  a  hole  is  likely  to  be  burned  at  that  point. 
When  brazing  metals  which  have  a  low  melting  point,  the 
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blowpipe  flame  should  be  promptly  withdrawn  as  soon  as  the 
spelter  flows. 

Sometimes  the  composition  of  brass  tubing  and  sheet  brass 
is  so  uneven,  or  is  so  contaminated  by  chemical  impurities, 
that  brazing  can  not  be  satisfactorily  performed  upon  it. 
Such  material  may  be  used,  however,  for  jobs  which  require 
only  soft  soldering. 

Brass  tubing  is  very  brittle  when  hot;  consequently,  it 
should  not  be  moved  until  it  has  cooled.     The  process  of 


] 


Pig.  227. 

brazing  softens  the  parts  that  are  heated,  and  these  do  not 
return  to  their  original  hardness  upon  cooling. 

Small  articles  may  be  heated  in  a  charcoal  fire  without  the 
blowpipe.  A  blast  may  be  used  to  urge  the  fire,  if  needed. 
Large  or  heavy  jobs  may  be  heated  in  a  forge  fire,  for  which 
clean  coke  free  from  sulphur  is  commonly  used.  To  braze 
successfully,  three  things  are  required :  First,  a  proper  degree 
of  heat  ^  neither  too  lozu  nor  too  high  ;  second,  uniform  heating ; 
third,  proper  fluxing. 

In  selecting  the  spelter  to  be  used,  that  which  w^ill  melt 
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at  a  temperature  tower  than  the  meUintj  point  of  thu  metat 
to  he  braietl  must  he  chosen. 

When  brazing  pieces  to  brass  tubes  which  are  made  with 
a  brased  seam,  it  is  unsafe  to  use  spelter,  because  of  the 
liability  of  opening  the  scam.  A  more  fusible  solder,  such 
as  silver  solder,  should  be  used, 

807*  In  Fig.  2'i7  is  shown  a  variety  of  joints  suitable 
for  different  jobs.  A  is  called  a  butt  Joint,  c  being  the 
lumps  of  speller  placed  in  position  ready  for  fusion.  The 
strength  of  this  joint  is  small,  being  in  proportion  to  the 
actual  area  of  the  edges  which  are  united  by  the  spelter. 

The  strength  is  greatly  increased  by  lapping  the  plates 
as  at  B.  An  equal  amount  of  strength  may  be  secured  and 
the  appearance  greatly  improved  by  bevellntc.  or  splay- 
Inie.  the  edges,  as  at  C,  provided  the  plates  are  thick  enough 
to  permit  the  beveling  to  be  extended  to  a  sufficient  width. 

The  strongest  joint  for  sheet  metals  is  made  by  dove- 
talllnii  the  edges  together  before  brazing,  as  at  D. 

808.  Circular  butt  Joints  may  be  strengthened  by 
means  of  a  band  put  on  externally,  as  at  /•* ;  or  by  an  internal 
ferrule,  as  at  G. 

Thin  mbtng  may  be  joined  by  a  slip  Joint,  as  at  /i,  by 
first  annealing  one  of  the  ends  and  forming  it  into  a  socket. 
The  end  is  Hared  out  by  means  of  a  drift  plug,  care  being 
taken  not  to  split  the  pipe,  after  which  the  metal  is  ex- 
panded by  hammering,  until  the  other  end  will  enter  properly. 

At  //  is  shown  a  knob  brazed  lo  the  end  of  a  rod.  To  dn 
this  job  properly,  the  spelter  must  be  made  lo  fl<iw  into  the 
socket  and  secure  the  shank  of  the  knob.  A  good  job  can 
not  be  made  merely  by  securing  the  edges  at  L.  The  rod 
should  l>c  held  vertically  in  a  charcoal  lire  until  the  socket 
i«  well  heated,  at  the  same  time  heating  the  knob  also. 
Borax  and  spelter  are  then  placed  in  the  socket,  and  as 
soon  as  the  spelter  is  melted  the  shank  of  the  knob  should 
be  inserted  and  pressed  into  place.  The  spelter  will  flow 
I  outwards  by  being  displaced  by  the  shank  and  will  make 
I  sure  of  tilling  the  entire  joint ;  or,  the  space  A'  at  the  end  of 
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the  shank  may  be  filled  with  spelter  as  shown,  and  the  knob 
inserted.  If  the  knob  and  socket  are  then  heated  in  an  in- 
verted position,  the  spelters  in  AT  will  flow  by  gravity  around 
the  shank  and  sweat  down  to  the  rim  L. 


JOINING  CAST-IRON  PIPES. 
809.  Cast-iron  pipes  for  drain,  soil,  and  vent  pipes,  and 
their  fittings,  are  Joined  together  by  splffot  and  socket 
joints.  The  spigot  end  A  of 
one  piece  is  inserted  into  the 
socket  or  hub  B  of  another,  as 
in  Fig.  %%%,  which  shows  how 
a  joint  is  made  in  an  upright 
pipe.  A  strand  of  oakum, 
which  should  be  moderately 
twisted,  is  first  laid  in  the  bot- 
tom of  the  socket  and  is  pack- 
"  ed  tightly  into  place.  More 
oakum  is  added  and  calked 
tight,  until  the  socket  is  about 
one-third  full,  as  at  C. 

The  oakum  must  be  thor- 
oughly packed  and  driven 
home  with  a  yarning,  or  long 
calking,  tool,  before  the  molten 
lead  is  poured  into  the  socket, 
^'°**-  otherwise  the   lead  will  drive 

in  too  far  when  it  is  calked  and  the  work  will  be  spoiled. 
In  a  joint  of  upright  pipe  the  lead  should  be  poured  into  the 
socket  until  it  stands  about  J  inch  above  the  rim,  just  on 
the  verge  of  overflowing,  asat^.  The  socket  should  always 
be  filled  at  one  pouring.  If  it  is  only  partly  filled  at  one 
pouring,  the  lead  will  set  before  more  can  be  obtained  from 
the  pot,  and  the  result  will  be  an  imperfect  joint.  The 
object  of  the  excess  of  lead  at  J  is  that  it  may  not  be  calked 
in  beyond  the  edge  of  the  hub.  The  stiffness  and  durability 
of  the  joint  depend  upon  the  perfect  and  complete  filling  of 
the  socket  to  the  extreme  edge. 
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The   process  of    calking    the    lead  or  oakum    should  be 

)egun  St  the  most  difficult  or  inaccessible  parts  o£  the  joint, 

J  ihai  these  parts  will  be  compressed  still  more  when  the 

'other  parts  of    the   joint  are   being  calked.     The  staving 

r  lead  calking  tool  F  should  be  run  around  gently  the 

first  time,  then  around  again,  with  heavier  blows  of   the 

icr  to  drive  the  lead  solidly  home.     Each  blow  of  the 

Ihummcr  increases  the  pressure  inside  of  the  hub,  and  judg- 

Itnent  must  be  exercised  to  avoid  cracking  the  hub  by  over 

■}>ressure. 

The  staving  tool  should  not  be  tapered,  because  it  is  liable 

Bto  wedge  between  the  hub  and  pipe,  and  strain  the  hub  so 

iiat  it  will  crack  when   the  calking  of   the  lead  is  about 


Icomplctcd.     A  cracked  socket 
pind  be  replaced  by  a  new  pipe. 


ilways   be  remo 
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810.  In  making  horizontal  joints^  or  joints  on  inclined 
pipes^  the  outer  end  of  the  socket  must  be  closed  by  a  band 
or  joint  runner,  as  shown  in  Fig.  229,  at  H,  This  is  usually 
made  of  clay,  strengthened  by  a  piece  of  rope,  which  is 
embedded  in  it.  A  gati\  or  pouring  notch,  is  left  at  the  top, 
and  molten  lead  is  poured  into  it  from  the  ladle,  as  shown. 
The  working  face  of  the  clay  is  shaped  so  that  the  lead  will 
take  the  form  shown  at  F,  the  projection  Z  being  the  gate. 
Pouring  should  not  be  stopped  until  the  gate  is  full  and 
remains  so.  Particular  care  should  be  taken  before  pouring 
that  the  socket  be  wholly  free  from  moisture,  otherwise  an 
explosion  is  very  likely  to  occur  by  the  moisture  being  sud- 
denlyconverted  into  steam  while  the  lead  is  running  in.  These 
explosions  frequently  burn  the  workman  by  throwing  the 
molten  lead  upon  him,  and  sometimes  even  destroy  his  eyes. 
To  guard  against  this  danger,  the  workman  should  always 
stand  behind  the  hub,  so  ^hat  if  a  bloiv  does  occur,  the  hot 
lead  will  be  projected  from  him. 

The  clay  band  must  be  tightly  secured,  because  the  pres- 
sure of  the  melted  lead  in  sockets  of  large  diameter  is  con- 
siderable ;  and  if  it  starts  the  clay  a  little,  the  lead  is  liable 
to  run  out  and  spoil  the  joint. 


CONNECTING    PIPKS  OF   DIFFERENT 

MATERIALS. 

81  !•  Connections  may  be  made  between  lead  pipe  and 
cast-iron  drain  pipe,  as  shown  in  Fig.  230.  The  end  of  the 
lead  pipe  A  is  stiffened  by  means  of  a  brass  collar  or  ferrule 
D,  to  which  it  is  wiped,  as  at  />.  The  end  of  the  lead  pipe 
is  doubled  over  upon  the  outside  of  the  ferrule,  as  shown  at 
C.  The  socket  is  then  closed  with  oakum  and  lead,  as 
described  above.  The  object  of  the  brass  ferrule  is  to 
strengthen  the  lead  pipe  and  prevent  the  pressure  due  to 
calking  the  lead  and  oakum  into  the  socket  from  bulging 
the  pipe  inwards  or  otherwise  distorting  it 

812.  Wrought'iron  pipe  may  i^e  connected  to  east -iron 
pipe  by  threading  the  end  of  the  wrought-iron  pipe  as  for  a 


PLUMBING   AND   DRAINAGE. 


4:il 


I  screw  joint,  and  securing  it  within  the  socket   of  the  cast 
I  pipe  by  calking  with  lead  and 
I  oakum  in  the  ordinary  manner. 
It   the   joint   is   required   to 

resist     heavy    pressure,    the 

wrought-iron    pipe    should    be 

heated   in   the    forge   fire   and 

flanged  over.     The  tmtor  diam- 
eter of  the  flange  should  be  as 

large    as    will    easily    enter  the 

socket    of    the    cast-iron   pipe 

The  flange  stiflfens  the  end  of  r 

the  pipe,    and    makes    a   very 
■  strong  joint. 

813-  To  connect  ivrougAi  ' 
iron  pipe  to  earthen  drain  pipe, 
a  flange  or  collar  of  four-pound 
sheet  lead,  or  heavier,  is  made 
to  slip  over  the  end  of  the  iron 
pipe.     This  collar  is  set  firmly  "'"^  ^■ 

down  to  the  bottom  of  the  socket,  and  the  hub  is  then  filled 
with  a  mixture  of  Portland  cement  and  sand  in  equal  parts. 
The  lead  collar  prevents  the  cement  from  entering  the  drain 
pipes. 

814.  A  lead  waste  pipe  may  be  connected  to  an  earlhcii 
pipe  by  a  cement  joint.  A  lead  flange  is  wiped  on  the  waste 
pipe  about  three  inches  above  the  end.  This  is  sealed  in 
the  bottom  of  the  socket,  which  is  then  filled  with  Portland 
cement  and  sand. 

815.  Hain-u-ater  leaders  ot  galvanized  iron  or  copper, 
located  on  the  outside<if  a  building,  are  generally  connected 
to  eartlienax  iron  drain  pipes  by  means  of  cement  joints. 
The  leader  should  extend  a  little  below  the  bottom  of  the 
socket  of  the  pipe.  If  the  leader  is  much  smaller  than 
the  pipe,  a  lead  collar  or  flange  may  be  used  to  prevent  the 

I  cement  from  dropping  into  it,  otherwise  a  little  oakum  may 
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be  packed  in  the  bottom  of  the  socket.  If  the  leader  is  run 
on  the  inside  of  a  building,  it  should  be  connected  to  an  iron 
pipe.  In  this  case  the  end  of  the  leader  should  be  strength- 
ened by  a  brass  ferrule,  as  shown  in  Fig.  230,  and  be  calked 
with  lead  and  oakum  in  the  ordinary  manner. 

All  inside  leaders  should  be  fitted  up  water-tight.  The 
joints  and  seams  should  all  be  well  soldered  if  sheet  metal  is 
used. 


SUPPORTS  FOR  PIPES. 

81 6.  Lead  pipes  two  inches  in  diameter  and  less,  which 
run  against  wails,  etc.,  are  usually  supported  by  means  of 
flanges,  or  plp«  tacks,  which 
are  soldered  on  to  the  pipe  at 
convenient  intervals,  and  are 
fastened  to  the  walls  with  com- 
mon wood  screws,  as  illustrated 
in  Fig.  231,  which  shows  a 
3-inch  lead  pipe  a  secured  to  a 
wall  or  pipe  board  b  by  molded 
pipe  lacks  c,  c  and  1-inch  wood 
screws  d,  d,  etc. 

The  tacks  are  made  of  old 
lead  slightly  hardened,  with  a 
few  old  wipe  joints  mixed  in. 
They  are  cast  in  brass  molds 
which  can  be  bought  from  deal- 
ers of  plumbing  material. 

81 7.     Pipesof  over  2  inches 
indiameterare  best  supported  by 
means  nf  broad  bandM,  such  as 
wii  in  Fig.  2:i3,   which  are 
,^  attached  at  intervals  of  about 
r  4  feet.     The   width  of  the 
bands,  along    the    line    of    the 
""  ^  pipes,  meiisured    for  pipes  of  2, 

3,  or  4  mches  diameter,  should  be  about  (i,  S,  or  10  inches, 
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respectively.     An  oblong  hole  c  is  cut   in  the  front  of  Llie 
and,   and  is   fillud  with   hot  soldt-r  and 
wiped  to  the  face  of  the  pipe.     The  side 
I  flanges  of  the  liand  are  wiped  to  the  fjice 

■  of  the  pipe,  as  shown  at  b.     The  hand  is 

■  shown  secured  toastone  wall  liy  flat-head 
Bepikcs  a  driven  into  wooden  plugs  •' 
Kirhich  have  been  previously  driven  into 
lliolcs  cut  into  the  stonework. 

If  the  temperature  of  a  lead  pipe  which 

lis  supported  by  rigid  fastenings  is  main- 

ttained  nearly  uniform,  as  is  the  case  of 

Klhe  eold-water  supply  pipes,  the  pipe  can 
ronly  be   changed     in  form    by   its  own  r— fM?^*^ 
ireight,  the  jarring  of  the  building,  etc.     K-'^^'V  ' 

If,  however,   the    temperature    of  the 
pipe  is  variable,  as  is  the  case  of  the  pipes  '''"■  "**■ 

which  supply  hot  water  to  the  plumbing  fixtures,  the  pipes 

Kvill  expand  as  tiic  temperature  increases,  which  causes  them 

■to  bulge  between  their  supports.      If  the  pipes  are  vertical, 

■  they  will  bulge  either  from  the  wall  against  which  they  are 
K secured  or  parallel  with  it.  If  they  are  horizontal  or  in- 
f  dined,  they  will  always  bulge  downwards  and  form  pc)ckets 

or  sagfs.  Lead  is  so  very  low  in  elasticity  that  when  the 
pipe  becomes  cool,  the  sags  are  not  entirely  taken  up  by 
contraction,  and  upon  every  application  of  heat  the  sags 
f  will  increase  in  size,  particularly  on  horizontal  pipes,  until 
I  the  lead  becomes  so  thin  near  the  points  of  support  as 
a  leak.  The  leak  generally  occurs  in  a  crack 
I  which  is  formed  around  that  part  of  the  pipe  near  the 
I  tacks. 

Suppose  that  a  lead  waste  pipe  2  inches  in  diameter, 
I  secured  in  a  vcrtic;il  position  against  a  wall  by  hard  metal 
I  tackit  or  lead  bands,  has  a  kink  in  it,  and  that  hot  water 
I  passes  thn>ugh  the  pifMi  periodically.  It  will  be  found  that 
■«ince  the  kink  is  the  weakest  part  of  the  pipe,  it  will  takr  up 
^tnost  of  the  expansion  between  the  tacks  on  each  side  of  it. 
rhU  action  subjects  the  kink  to  a  cross  strain,  repetitions 
C.    U.S 
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of  which  will  soon  overcome  the  cohesive  strength  of  the 
lead  and  cause  the  metal  at  that  point  to  crack.  Kinks 
should  be  carefully  avoided  in  all  lead-pipe  work.  A 
kink  in  a  lead  waste  pipe  is  a  positive  sign  of  slovenly, 
careless,  or  ignorant  workmanship,  and  should  not  be 
tolerated. 

818.  When  a  hot-water  pipe  runs  horizontally,  it  is 
better  to  support  it  upon  a  continuous  ledge  or  shelf.  It 
should  have  room  enough  laterally  to  bend  and  creep,  and 
should  be  kept  from  working  off  the  shelf  by  a  suitable  rim 
or  flange  along  the  edge  of  the  shelf. 

Lead  pipes  should  not  be  supported  by  iron  wall  hooks  or 
similar  supports,  unless  they  are  protected  by  an  extra  thick- 
ness of  sheet  lead  between  them  and  the  iron,  because  the 
edges  of  the  iron  will  gradually  cut  into  the  lead  and  thus 
weaken  the  pipe. 

819«  The  approximate  spacing  for  tacks  on  lead  pipes 
is  given  in  the  following  table : 

TABLE  37. 


Vertical  Pipe. 

Horizontal  Pipe. 

Size  of  Pipe 
in  Inches. 

Distance  Apart 
in  Inches. 

Distance  Apart 
in  Inches. 

Hot. 

Cold. 

Hot. 

Cold. 

f 

18 

24 

12 

in 

i 

19 

25 

14 

17 

f 

20 

26 

15 

18 

i 

21 

27 

10 

19 

1 

22 

28 

17 

20 

n 

23 

20 

IS 

21 

H 

24 

:3() 

18 

22 
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333.      The   strap 


820.  Vertical  pipes  of  had  are  usually  supported,  where 
ihey  pass  through  floors,  by  means  of  a  flange  or  collar, 
whicb  is  wiped  to  the  pipe;  or.  a 
flange  joint  is  made  at  that  point.  The 
diameter  of  the  flange  should  be  about 
two  inches  larger  than  that  of  the  pipe, 
to  give  room  for  wiping. 

821.  Wrougkt-iron  pipes  may  be 
fastened  in  place  by  common  iron  drive 
hooks,  but  where  a  good  appearance  is 
desired,  they  should  be  fastened  with 
bands,  or  straps,  which  are  secured  to 
the  walls  by  screws,  as  shown  in  Fig. 
a  should  be  made  of  wrought  iron,  tinned. 

822.  Brass  pipe  may  be  similarly  supported,  making  the 

!  bands  of  lirass.  It  is  usually  supported,  however,  by  specially 
made  clamps  or  pipe  hangers,  which  are  first  attached  to  the 
walls,  the  pipes  being  afterwards  laid  into  them  and  locked 
there  by  closing  the  outer  half  of  the  clamp,  which  is  hinged 
to  the  main  body.  Such  supports  usually  hold  the  pipe  at 
a  little  distance  from  the  walls;  this  prevents  vermin  from 
lodging  around  them,  and  also  allows  them  to  be  polished 
conveniently. 

823.  Cast-iron  soil  and  vent  pipes  should  be  strong- 
ly secured  in  place.  Vertical  stacks 
should  rest  upon  a  solid  support  at 
the  bottom.  If  an  elbow  occurs  at 
the  base  of  the  stack,  it  should  be 
provided  with  a  flat  foot,  or  bed  rest, 
as  shown  at  a  in  Pig.  334. 

The   weight   of   the   pii>e    should    be 
I  borne  entirely  by  the  base  support.  The 
pipe  should  Ik;  held  in  place  by  means 
Pio.  m  of  hooks  or  bands,  which  are  placed  at 

intervals  of  6  feet  or  less,  according  to  the  nature  of  the 


436 


PLUMBING  AND   DRAINAGE. 


T^    ^' 

-t. 

m 

.  '  -  • 

y^. 

'■^■' 

..:-ic.-^-  : 

r^.-    •.;-. 

«; 

m 

Hi».''--. 

■''?f 

"S^"-  - 

-M 

^\ 

i 

iV;' 

824.  The  pipe  may  also  be  secured  against  the  face  of 
a  stone  wall  by  means  of  a  wrought -iron  band  «,  as  shown 

in  Fig.  235.  Two  holes 
b^  b  are  cut  into  the  stone, 
and  the  ends  of  the  band 
are  calked  in  the  holes  with 
lead.  This  style  of  fastening 
is  neat  and  reliable. 

All  hooks  or  bands  should 
clasp  the  pipe  close  under 
the  hub,  or  around  it,  and 

should  not  be  placed  midway  between  the  joints,  if  possible 

to  avoid  it. 

825.  If  the  pipes  stand  in  a  chase,  or  groove,  in  the  wall, 
they  may  be  fastened  by  means  of  clamps,  or  pipe  rests, 
a,  which  are  secured  in  notches  ^,  b  cut  in  the  wall,  as  shown 
in  Fig.  236. 

Care  must  be  taken  that  the  fastenings  are  so  arranged 
that  the  pipe  will  be  free  to  contract  and  expand  with  the 


Fig.  386. 


Fig.  236. 

changes  of  temperature  without  loosening  itself  or  tear- 
ing the  fastenings  loose  from  the  walls.  Buildings  are 
always  liable  to  settle,  and  this  must  be  kept  in  mind  when 
locating  the  pipe  fastenings. 

Iron  drain  pipes  which  run  inside  of  basements  or  cellars 
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should  be  thoroughly  supported  by  wrought-iron  straps 
fastened  to  the  beams  overhead,  or  else  they  should  be  sup- 
ported at  short  intervals  upon  brick  piers,  or  by  wall  hooks 
driven  into  the  brick  or  stone  walls. 

A  substantial  pier  should  always  be  placed  under  each 
stack.  In  all  cases  a  firm  support  should  be  placed  under 
the  junction  of  the  stack  with  the  inclined  drain  pipe.  All 
stacks  should  be  supported  independently  of  the  main  drain 
so  as  to  relieve  the  inclined  pipe  of  the  weight  of  the  stack. 


FASTENING     IRON     KODS,    BOLTS,    ETC.,    TO 
STONEWORK. 

826.  A  hole  about  i  inch  larjjer  than  the  rod  is  first  cut 
or  drilled  into  the  stone  to  a  suitable  depth,  which  will  vary 
with  the  nature  of  Ihe  work,  a  common  depth  being  from 
4  to  6  inches.  The  end  of  the  rod  is  notched  or  roughened 
in  some  way.  then  inserted  in  the  hole,  and  the  space  around 
it  is  filled  with  a  suitable  cement,  such  as  melted  sulphur. 
If  the  connection  is  e.\posed  to  the  weather,  the  exposed  part 
of  the  iron  should  be  coated  with  asphallum  or  other  water- 
proof compound. 

The  rod  may  also  be  secured  by  filling  up  the  hole  with 
melted  lead  and  finishing  by  calking  the  lead.  Care  must 
be  taken  in  calking  to  avoid  splitting  the  stone.  The 
junction  of  the  lead  and  iron  generates 
a  galvanic  action  which  corrodes  the 
iron  and  gradually  eats  it  away.  This 
may  be  prevented  by  coaling  the  ex- 
posc<l  part  of  the  iron  with  asphallum. 

Bolls  may  be  secured  to  marble  or 
slate  slabs  by  the  method  shown  in 
Fig.  237. 

A  hole  is  drilled  in  the  slab  a  to  the    ~   L^,   "".w"^     -  . 
required  depth,  and  is  enlarged  at  the 
inner  end,  as  shown,  by  means  of  suit-  '"  ^' 

able  chisels.     After  the  holt  is  placed  in  the  hole,  melted 
lead  is  poured  around  the  bolt.     The  lead  is  then  gently 
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calked.  If  the  lead  is  calked  too  much,  the  marble  will 
break  away,  as  shown  by  the  lines  s.  Plaster  of  Paris  is  also 
used  to  fill  the  space  around  the  bolt  in  cases  where  but 
little  strain  is  likely  to  be  put  upon  it. 

827.  Expansion  Bolts. — Attachments  may  be  made 
to  stonework  by  means  of  expansion  bolts,  as  shown  in  Fig. 
238.  These  bolts  are  provided  with  a 
loose  ring  C,  having  its  lower  edge 
beveled,  and  a  notched  ring  D  of  soft 
metal.  A  hole  is  drilled  in  the  stone 
large  enough  in  diameter  to  fit  the 
bolt  closely,  and  the  bolt  is  pushed  in 
to  the  depth  required.  The  nut  A  is 
then  screwed  down  and  the  ring  C  is 
forced  into  the  end  of  the  soft  ring  D, 
'  which  is  thereby  expanded  against 
the  sides  of  the  hole.  These  bolts  are 
less  liable  to  split  the  stones  than 
•""  ™  those  which  are  calked  with  lead,  be- 

cause the  directions  of  the  forces  exerted  in  securing  this 
boll  are  mainly  in  directions  parallel  with  the  surface  of  the 
slab,  and  in  the  middle  of  its  thickness,  as  shown  by  the 
arrows. 
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(CONTINUED.) 


WATER    AND    ITS   MAMPULATIOX. 


MEASURING    PRESSURE. 

S2S.  Water  pressure  is  measured  in  pounds  per  square 
inch  above  atmospheric  pressure  by  means  ot  a  prevMure 
eauge.  For  pressures  of  about  KM)  pounds  or  less,  an  ordi- 
nary steam  pressure  gauge  may  be  used;  but  for  higher  pres- 
sures, particularly  if  the  apparatus  shall  be  subjected  to  sud- 
den shocks,  specially  made  hydraulic  gauges  should  be  used. 

829>  In  Fig.  2^1}  is  shown  a  pressure  gauge  adapted  to 
the  measurement  of  either  steam  or  water  pressures     It  con- 


sists of  a  tube  (t  of   elliptical  cross-section,  which  is  filled 
wilh  water  and  connected  at  l>  with  a  pipe  leading  to  the 

Ilea  nf  iliB  (.-■>|i)'T<Ktit.  »H.'  pnk'i'  itnmi'dlalvlr  fi>ll<iu-<n[:  tlie  tlUc  pag 
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vessel  containing  the  liquid  whose  pressure  it  is  desired  to 
find.  The  other  end  c  is  closed,  and  is  attached  to  a  link 
which  is  in  turn  connected  with  a  rack  e\  this  rack  gears 
with  a  pinion/"  on  the  index  pointer^.  When  the  elliptical 
tube  is  subjected  to  pressure,  it  tends  to  take  a  circular  form 
of  cross-section,  and  as  a  whole  it  straightens  out  slightly, 
throwing  the  free  end  out  a  distance  proportional  to  the 
pressure.  The  movement  of  the  free  end  is  transmitted  to 
the  pointer  by  the  link,  rack,  and  pinion,  and  the  pressure  is 
thus  recorded  on  the  graduated  dial. 

830.  A  vacuum  g^auffe  indicates  the  pressure  in 
pounds  per  square  inch  below  atmospheric  pressure,  These 
gauges  are  seldom  used  by  plumbers.  They  are  useful,  how- 
ever, in  ascertaining  the  pressures  in  the  suction  pipes  of 
pumps,  etc. 

The  pressure  of  water  in  the  plumbing  in  any  building  or 
part  of  a  building  supplied  from  city  mains  can  not  be  com- 
puted by  the  vertical  height  of  the  reservoir  above  the  build- 
ing, because  the  water  in  the  mains  is  constantly  flowing  to 
supply  a  demand  at  factories,  stores,  dwellings,  etc.,  in  other 
parts  of  the  city  or  town,  and  the  pressure  is  always 
lower  than  that  corresponding  to  the  actual  head ;  conse- 
quently, the  pressure  gauge  referred  to  in  Fig.  239  is  often 
used  to  ascertain  the  actual  pressures  at  the  several  points. 

831.  To  compute  the  height  water  will  rise,  the  gauge 
pressure  being  known: 

Rule. — Divide  the  gauge  pressure  by  ,^SJfiJ^.  The  quo- 
tient will  be  the  height  in  feet. 

Example. — A  pressure  gauge  attached  to  a  service  pipe  in  the  cellar 
of  a  building  indicates  a  pressure  of  23  pounds.  To  what  height  will 
the  water  rise  in  the  plumbing  system  within  the  building  ? 

23 
Solution. .^.„ .  =  53  ft. ,  nearly.     Ans. 

Although  this  is  the  height  to  which  the  water  would  rise, 
it  is  advisable  to  have  a  surplus  head  of  at  least  10  feet  above 
the  highest  fixture  supplied  from  this  pressure,  so  as  to 
obtain  a  respectable  velocity  of  discharge. 
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SOLVKKT   ACTION   OF   WATER. 

S3Z.     Water    rapidly  corrodes  irnn,  forming  oxides  of 
iran,  some  of  which  are  soluble  in  water,  but  the  insoluble  ■ 
red  oxide  is  most  conspicuous. 

Wftier  thus  contaminated  is  not  poisonous  in  small  quan- 
tities, but  is  unfit  for  use  because  of  its  discoloration. 

Water  will  also  corrode  lead,  brass,  and  zinc,  and  form 
compounds  which  are  very  poisonous.  Unfortunately,  the 
presence  of  these  poisons  in  water  can  not  be  detected  by 
color,  butonlybytaste  orchemical tests.  Waterthatcan  be 
used  for  domestic  purposes  is  not  affected  by  tin. 

The  water  which  e.vists  in  common  soil  is  usually  mixed 
with  a  small  percentage  of  vegetable  and  mineral  acids  which 
originate  in  the  decomposition  of  leaves,  etc.,  upon  the 
surface,  and  it  is  very  destructive  to  metal  pipes  that  are 
laid  underground  unless  they  are  coated  with  asphaltura  or 
some  other  protective  covering. 

The  solvent  action  of  water  increases  both  with  heat  and 
pressure,  although  heat  will  sometimes  change  the  character 
of  the  water,  and  thus  reduce  its  solvent  action. 

Steam  is  very  destructive  to  lead  pipe,  but  harmless  to 
brass  or  iron  pipe,  unless  it  be  mixed  with  air.  Lead  and 
zinc  when  exposed  to  water  form  a  coating  upon  their  sur- 
faces, which  usually  protects  them  from  further  corro- 
sion. 

Hot  water,  if  it  be  pure  and  free  from  gases  or  air,  will  not 
attack  pipes  of  iron,  brass,  or  lead  to  an  extent  sufficient  to 
poison  the  water  or  render  it  unfit  for  cooking  purposes, 
unlesn  it  should  be  allowed  to  stand  for  a  few  hours  before 
being  drawn  off. 


ABSORPTION  or  OASES  IN  WATER. 
833.  Several  varieties  of  gas  are  soluble  in  water,  but 
in  different  proportions.  Pure  water  at  atmospheric  pres- 
sure and  ordinary  temperature  absorbs  an  amount  of  air 
equal  to  4  per  cent,  of  its  own  volume;  of  sulphureted 
hydrogen  i  per  cent.,  and  of  carbonic  acid  gas  lOU  per  cent. 
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The  absorptive  capacity  is  doubled  by  an  increase  of 
15  pounds  in  pressure. 

The  relative  volume  of  gas  absorbed  is,  in  all  cases, 
directly  as  the  pressure  and  inversely  as  the  temperature. 
Thus,  if  the  pressure  be  increased,  the  water  will  absorb 
more  gas,  and  if  it  be  heated  it  will  absorb  correspondingly 
less  gas. 

Water  is  said  to  be  saturated  when  it  has  in  solution 
all  the  gas  it  can  hold. 

If  water  is  saturated  with  gas,  and  the  pressure  is  reduced 
or  the  temperature  raised,  the  capacity  of  the  water  to  hold 
the  gas  is  reduced,  and  some  will  be  liberated. 

Thus,  if  water  which  is  under  pressure,  and  is  saturated 
with  air,  be  allowed  to  flow  from  a  faucet,  it  will  appear 
milky,  because  the  air  is  liberated  in  great  numbers  of  fine 
bubbles. 

A  lower  pressure  usually  exists  at  the  end  of  a  line  of 
piping,  or  in  the  vicinity  of  faucets,  while  water  is  flowing 
from  them,  than  at  the  street  main.  This  reduction  of 
pressure  will,  if  the  water  be  saturated,  liberate  more  or  less 
gas.  If  air  chambers  are  properly  located  they  will  receive 
this  air  or  gas,  and  utilize  it  to  reduce  shocks  caused  by  a 
sudden  stoppage  of  the  water. 

On  low-pressure  systems  the  water  is  frequently  saturated 
with  air,  or  nearly  so;  but  not  often  in  high-pressure  sys- 
tems, because  its  absorbing  capacity  is  then  very  great. 
This  is  because  the  pressure  has  increased,  while  the  water 
has  in  solution  only  the  same  quantity  of  air  which  it  held 
when  it  left  the  reservoir.  For  example,  it  was  saturated, 
that  is,  it  carried  4  per  cent,  of  air  when  it  lay  in  the  reser- 
voir, and  in  flowing  into  pipes  it  acquires  a  pressure  of 
75  pounds  per  square  inch.  Its  absorptive  capacity  is  in- 
creased to  24  per  cent.,  but  it  contains  only  the  original 
4  per  cent,  of  air;  consequently,  it  will  absorb  20  per  cent. 
of  its  volume  of  air  if  it  has  an  opportunity.  If  water  in  that 
condition  encounters  a  supply  of  air,  also  under  pressure,  as 
in  an  air  chamber,  it  will  soon  absorb  it  and  render  the 
chamber  useless. 
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AXR    CHAMBERS. 

'   H34.     Air  chambers  are  used  upon  lines  of  pipe  to  cush- 

the  shocks,  which  accompany  the  sudden  stoppage,  or 

rregular  movements  of  the  water  within  them.     For  many 

lirpoaes  they  consist  merely  of  a  dead  end  of  pipe  filled  with 

for,  and  so  arranged  that  the  air  will  not  escape,  or  be  carried 

pway,  by  the  current  of  water.     Air  chambers  of  larger  ca- 

tacity  arc  used  upon  pumps  and  hydraulic  rams,  not  only  to 

ofT  the  shocks  of  the  water  column,  but  to  equalize  the 

iBow  of  the  water,  which  would  otherwise  be  intermittent. 

fAU  natural  water  carries  some  air  or  gas  in  siilution.      The 

iir  is  easily  disengaged  from  the  water  by  change  of  tern- 

(erature,  by  abrupt  changes  In  the  direction  or  rate  of  flow, 

ind  by  a  decrease  in  the  pressure.     Thus,  air  is  liberated  at 

many  points  in  a  system  of  water  pipes,   in  the  shape  of 

m&ll  globules,  or  bubbles.    These  collect  at  the  high  points 

s  the  system,  or  in  the  dead  ends  of  pipe,  and  they  may  be 

ktilized  by  placing  the  air  chamber  near  the  ends  of  the  pipes. 

Under  high  pressures,  however,  air  chambers  are  nearly 

,  because  the  water  will  absorb  the  air  from  them,  as 

breviously  explained,  but  the  absorption  can  lie  retarded  in 

!  larger  air  chambers  attached  tn  pumping  machinery  by 

louring  a  little  olive  oil,  or  other  sweet  oil,  into  the  chamber. 

^his  floats  upon  the  water  and  forms  an  air-tight  partition 

Mtwcen  the  water  and  the  air.    The  oil  must  be  renewed  at 

intervals. 

Another  means  of  retaining  the  elasticity  of  the  air  cham- 
ber is  to  fill  it  with  soft  rubber  halls,  either  hollow  or  solid. 
These,  however,  will  be  destroyed  by  hot  water. 


B  WATER    HAMMER. 

S35>  Water  hammer  is  the  name  given  to  the  shock 
which  ia  felt  in  a  pipe  when  the  flow  of  water  through  it  is 
abruptly  slopped.  It  is  very  destructive  to  piping  and  fix- 
urcs,  because  a  shock  which  is  caused  at  one  point  is  fell 
broughuul  the  entire  line  of  |)ipe,  and  damage  is  inflicted 
n  everything  connected  with  it. 
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The  term  is  also  applied  to  the  loud,  humming  noise  fre- 
quently made  by  water  pipes  when  the  faucet  is  opened,  and 
also  to  the  rumbling  and  snapping  noise  made  by  kitchen 
boilers  and  hot-water  pipes. 

The  cause  of  the  trouble  is  quite  different  in  the  several 
cases.  In  the  first  case,  the  movement  of  the  entire 
column  of  water  from  the  faucet  to  the  main  is  suddenly  ar- 
rested. The  water  having  no  elasticity  will  not  compress, 
and  thus  momentarily  absorb  its  own  momentum ;  conse- 
quently, the  momentum  of  the  entire  moving  column  of 
water  must  be  expended  upon  the  pipes  and  cocks.  If  they 
were  sufficiently  elastic,  the  momentum  of  the  water  would 
be  absorbed  quietly  and  without  noticeable  shock,  but  they 
are  also  very  inelastic,  and  a  heavy  blow  results.  If  the  pipes 
are  capable  of  stretching  or  yielding,  every  shock  will  act  to 
slightly  enlarge  them.  In  the  course  of  time  the  enlarge- 
ment will  result  in  numerous  leaks.  If  a  lead  pipe  has  a 
thin  or  weak  spot  in  it,  it  will  swell  out  and  finally  burst  at 
that  point. 

The  trouble  in  the  second  case  is  usually  due  to  interfer- 
ence of  the  currents  of  water  within  the  pipe,  which  fre- 
quently occurs  at  the  point  where  a  branch  is  taken  off.  It 
is  very  liable  to  occur  in  a  long  line  of  pipe  of  small  diameter 
in  which  the  velocity  of  flow  is  higher  than  it  should  be. 

A  very  similar  sound  is  caused  by  the  dancing  or  chatter- 
ing of  a  valve  upon  its  seat.  The  hammering  results  from 
the  momentary  checking  and  starting  of  the  water  column, 
which  is  repeated  with  great  rapidity.  This  action  is  sim- 
ilar to  that  of  a  hydraulic  ram,  and  is  very  destructive  to 
piping,  as  before  described. 

The  hammering  noise  usually  heard  in  a  kitchen  boiler  is 
due  to  the  formation  of  steam  in  the  water-back.  The  bub- 
bles of  steam  travel  towards  the  boiler  until  they  encounter 
water  that  is  cool  enough  to  condense  them,  which  is  usually 
at  the  coupling  to  the  side  of  the  boiler.  The  condensation 
is  nearly  instantaneous,  and  the  volume  of  the  condensed 
steam  or  water  being  only  about  ^^ J,7  of  that  of  the  live 
steam,  a  vacuum  is  formed.     Water  rushes  into  this  space 
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im  both  directions,  and  having  nothing  to  cushion  the 
low  the  two  columns  collide  with  great  force.  This  is 
lost  likely  ti»  occur  when  the  water  in  the  boiler  js  heated 
early  to  the  boiling  point  and  the  circulation  through  the 
'ater-back  is  sluggish. 
A  rumbling  noise  is  sometimes  made  in  the  boiler  when  a 
ot-water  faucet  is  opened.  This  is  due  to  the  fact  that  the 
ater  is  heated  up  to  the  steaming  point,  and  as  soon  as 
le  pressure  is  reduced,  as  it  is  by  opening  the  faucet, 
istantly  liberated  in  the  boiler,  oris  formed  in  the 
itcr-baek. 

The  remtdy  for  water  hammer  is  to  use  air  chambers 
ipon  the  pipes,  which  will  cushion  the  shocks,  and  also  to 
slow  closing  faucets,  such  as  compression  bibbs. 


CONNECTION    TO    STREET     MAINS. 
836.     Pig.   tW  shows   two  methods  of  connectloK  a 
^alvaolsed   Iron  ttervlce  pipe  to  a  cast-iron  street 

naln.  The  service  pipe  A  is  connected  to  tht  street  main 
(by  the  brass  corporation  cock  C,  forming  a  straight 
cninection  at  right  angles  to  the  main. 

This  is  a  cheap  but  very  dangerous  methi>d  of  connect- 
ng,  particularly  if  the  ground  is  of  such  a  nature  that  the 

avy  main  /?  can  settle,  as  the  ends  of  the  cock  Care 
[able  to  be  broken  off;  also,  if  the  service  pipp  A  is  long 
nd  rigid,  it  will  exert  strains  upon  C  that  may  ultimately 

reak  the  connection. 

A  more  reliable  connection  is  that  by  which  the  service 
ipe  D  is  joined  to  the  main.  A  corporation  cock  /:  is 
crewed  into  a  hole  drilled  and  tapped  in  the  main  in  the 
amu  manner  as  C.  E  is  joined  to  D  by  means  of  a  lead 
ipe  offset  /•'  wiped  to  a  brass  solder  nipple  G  and  to  a 

'ouad  coupling  and  ring,  or  union,  //,  The  lead  pipe  F 
rill  easily  bend  with  any  change  of  posilitm  due  to  settle- 
tent  or  change  of  temperature  of  D. 

A  A  or  .'/  A  A  lead  pipe  should  lie  used  for  this  conner- 
,  according  to  the  water  pressure  and  the  nature  of  the 
Krtn  in  which  it  is  laid. 
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A  stop-cock,  with  waste  outlet,  is  placed  in  the  service 
pipe  either  at  the  curb  of  the  sidewalk  or  just  inside  the 
cellar  wall;  such  a  cock  is  generally  called  a  curb  cock 
because  of  its  location.  Care  should  be  taken  to  see  that 
the  waste  outlet  will  allow  the  water  to  escape  only  from 
the  house  side  of  the  cock.  In  passing  a  service  pipe 
through  a  foundation  wall,  allowance  should  be  made  for 
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probable  settlement  of  the  wall,  and  a  space  of  1  or  2  inches 
should  be  left  in  the  hole  above  the  pipe. 

If  the  stop-cock  is  located  at  the  curb,  it  should  be 
enclosed  in  a  tight  iron  curb  box  having  a  cover  which 
will  keep  out  surface  water,  snow,  etc.,  and  which  is  flush 
with  the  sidewalk.  The  service  pipe  and  the  stop-cock 
must  be  placed  far  enough  underground  to  escape  the 
action  of  frost. 


837.     A  Htreet  washer  is  simply  a  branch  taken  from 

the  water-pipe  system  for  the  purpose  of  furnishing  water 
for   washing   streets  and  sidewalks,  sprinkling  lawns,  etc 
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E  connection  is  usually  taki^n  from  the  service  pipe  at  a 
bitable  point  underground.     A  stop  and   waste   cock,  or 
is  placed  on   the  street  washer  braixrh  below  frost, 
i  is  operated  by  a  rod  terminating  near  the  surface  of 
!  ground,  usually  within  a  cast-iron  box  with  a  hinged 
fer. 
I  The  nrifice  of  discharge  is  provided  with  a  hose  nipple, 
J  the  pipe  between  the  hose  nipple  and  the  shut-off  cock 
i  drained  to  a  point  below  frost  when  the  cock  is  closed, 
r  Pipes  which  are  inside  of  a  dwelling  should   not  be  con-  . 
iaied,  but  should  be  so  located  that  they  can  be  gotten 
readily   without    injuring   plaster   or   woodwork.     Care 
tould  be  taken  to  make  them  clean,  and  have  them  pre- 
int  a  goo<l  appearance. 

L  Piping  of  all  kinds  should  be  grouped  together  as  much 
p  practicable,  and  should  not  be  straggled  anywhere  and 
rerywhere,  all  over  the  premises. 
»  If  pipes  run  over  valuable  ceilings,  etc.,  they  should  have 
E  pan  or  safe  of  lead,  copper,  or  zinc  under  them,  which 
lould  extend  over  the  whole  length  of  the  section  where  a 
uld  make  any  serious  damage.  This  pan  should  be 
^Uned  so  as  to  drain  readily,  and  should  discharge  at  a 
toint  where  it  will  be  quickly  noticed. 

I  838.     Hot-water    connections    may   be   made  of  lead, 

sss,  copper,  or  galvanized  iron.     Black  iron  is  unsuitahle. 

!  choice  will  depend  upon  the  pressure  and   upon  the 

Karancc  desired;  also  upon  the  character  of  the  water 

b(l  its   action   upon   the   metal     In  all   cases  where  the 

iBter  corrodes  the  metals  named,  pipes  must  be  used  which 

Jjtve  an  interior  coating  of  glass  or  porcelain  or  are  lined 

Kith  pure  block  tin. 

TSrass  tubing  has  the  following  advantages:  It  will  not 
Hrode  to  any  appreciable  extent  in  pure  water,  and  it  will 
Bt  a*g  in  consequence  of  heat,  as  lead  will. 
I  To  secure  easy  curves  and  to  avoid  a  multiplicity  of 
i»rp  turns  resulting  from  the  use  of  elbows,  T's,  or  other 
1  pipe  fittings  in  a  building,  the  iron  supply  pipes  may 
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be  continued  to  the  fixtures  with  lead  pipe  which  can  be 
easily  bent  to  fit  any  condition. 

In  cases  where  it  is  known  that  the  water  will  not  cor- 
rode either  lead  or  brass,  the  cold  water  may  be  conducted 
through  lead  pipe  and  the  hot  water  through  brass. 

Ale,  beer,  and  other  liquors  should  be  conveyed  in  block- 
tin  or  tin-lined  pipes. 

NOTCHING    FLOOR-BEAMS. 

839.  When  it  is  necessary  to  run  a  pipe  under  the 
flooring,  it  should  b^  run  parallel  with  the  floor-beams  if 
possible.  If  that  can  not  be  done,  then  notches  must  be 
cut  across  the  beams  of  sufficient  depth  to  admit  the  pipe. 
The  notch  should  be  made  near  the  end  of  the  beam,  and 
should  never  be  made  at,  or  anywhere  near,  the  middle  of 
the  beam.  The  strength  of  a  floor-beam  is  not  in  direct 
proportion  to  its  depth,  but  varies  with  the  square  of  the 
depth.  Thus,  a  beam  10*  deep  is  four  times  as  strong  as  a 
beam  b'  deep,  of  the  same  thickness. 

For  example,  in  Fig.  241  the  strength  of  a  certain  beam 
10'  deep,  loaded  at  the  middle,  without  the  notch,  is  100 
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pounds.  When  a  notch  lY  deep  is  cut  in  the  middle  of  the 
beam,  as  at  ^,  the  depth  is  reduced  to  Sf,  and  the  strength 
is  reduced  in  proportion  to  the  square  of  the  depth,  or  to 
70^  pounds,  a  loss  of  23J  per  cent,  of  the  total  strength. 
The  same  notch  may  be  cut  near  the  end,  as  at  /?,  with  a 
very  slight  loss  of  strength,  unless  some  very  heavy  weight 
rests  upon  the  beam  close  to  it.  A  hole  of  the  same  diam- 
eter may  be  bored  through  anywhere  along  the  center  line 
of  the  beam,  as  at  (T,  without  perceptible  loss  of  strength. 
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Iprovided  that  the  diameter  of  the  hole  does  nut  exceed 
I  about  one-seventh  the  depth  of  the  beam. 

While  the  notching  of  floOr-beams  in  the  middle  may  not 
ilwuys  weaken  them  to  such  an  extent  as  to  make  ihem 
[  unsafe,  yet  it  is  almost  certain  to  impair  the  stiffness  of  the 
[  floor  to  a  serious  degree,  and  often  spoils  it. 


SAGS  IN  PIPK8. 
840.     The  effect  of  the  sagging  of  a  lead  pipe  between 
'  Its  supports,  as  at  K  in   Fig.  ^42,  is  that  air  will  collect  in 
■the  high   parts   of  the   bends,   and  will   form   olr  lucks. 


I  These  greatly  impede  the  flow  of  water  through  the  pipe. 
I  If  the  pressure  of  the  water  is  small  and  the  sags  are 
['numerous,  they  may  stop  the  flow  entirely.  Thus,  a  sink 
|>  waste  pipe  in  that  condition  might  refuse  to  pass  water,  and 
L  would  appear  to  be  clogged  by  refuse,  although  the  trouble 
I  was  wholly  due  to  air  locks. 

If  air  has  accumulated  in  the  top  bends  A  and  C,  the 
I  water  will  rise  on  one  side  of  the  bend  and  will  slightly 
[compress  the  air  which  is  entrapped  at  that  point.  The  air 
I  will  depress  the  water  on  the  other  side  of  the  bend,  raising 
t  Its  surface  at  the  nc-nt  upper  hend.  The  difference  in  level 
K  between  the  surfaces  of  the  water  on  the  opposite  sides  of  a 
Tbenii  is  the  measure  of  the  resistance  which  the  air  in  that 
J  bend  oflfers  to  the  passage  of  water.  Thus,  if  the  differ- 
I  ence  of  level  at  x  equals  1  inch  at  each  sag,  and  the  sags 
I  arc  30  in  nnmlwr,  the  total  resistance  to  the  flow  of  water 
{would  etjual  a  reductiim  of  driving  pressure,  or  head,  of  30 
^inched.  If  the  actual  head  of  water  is  less  than  .til  inches, 
fOw  water  will  pass,  because  the  water  will  not  rise  high 
tenoDgh  at  any  bend  to  pass  over  it.  If  the  head  is  a  little 
P.    U.~9 
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more  than  30  inches,  the  water  will  "creep  over"  from  oiu 
sag  to   the  next,  and  will  flow  slowly  from   the  end  of  thd 
pipe.     If  the  head  is  high  and  the  outlet  is  opened  wide,  thsl 
rush  of  water  will  usually  carry  the  air  along  with  it  and  sofl 
clear  the  pipe. 

In  leading  water  from  tanks,  or  uftder  low  pressure,  thi« 
defect  should  be  carefully  avoided.  Thus,  if  two  tankfl| 
situated  on  the  same  level  were  connected  liy  a  pipe  such  a 
described,  the  water  in  the  receiving  tank  would  stand  3f^ 
inches  lower  than  it  would  if  the  sags  were  entirely  remove^ 
from  the  pipe. 

841.  A  practical  illustration  of  "  air  lock  "  in  a  plumb 
ing  system  as  it  applies  to  tanks  or  other  vessels  depending 
upon  one  anotht-r   fur  their  supply,  is  shown  in  Fig.  S 


The  tank  A,  we  will  assume,  supplies  water  to  the  plumbin 
fixtures  in  a  building.     It  is  filled  with  water  by  a  pump) 
through  the  delivery  pipe  a,  and  is  connected  up  complete 
with  a  col<l-water  distributing  pipe  /',  expansion  pipe  r,  tclll 
tale  (/,  and  standing  waste  overflow  c,     Kxiensiuns  are  then 
made  lo  the  building  and   more  plumbing  installed.     Thfl 
tank  A  is  now  too  small  to  store  the  proper  amount  of  wateQ 
to  supply  the   entire  building  for  a  reasonable   length  ' 
time  without  comparatively  frequent  refilling,  so  an  extent 
sion  is  made  to  A   in   the   form  of  another  tank  /»,     Thi 
second  tank  is  set  at  such  a  height  that  its  top  is  level  witj 
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le  top  of  A,  and  it  is  supplied  with  water  by  a  communica- 
ion  pipe  r  which  joins  the  bottom  of  each  tank  as  shown. 

This  is  done  to  overcome  installing 'a  separate  delivery 
lipe,  a  tell-tale  pipe,  and  an  overflow  pipe  for  the  tank  JJ, 
he  supposition  being  that  when  A  is  filled  by  the  pump, 
he  tank  /{  will  also  till  up,  and  this  it  certainly  will  do  if 
Jr  does  not  become  locked  in  the  pipe  i. 

As  the  tanks  are  connected,  however,  air  will  become 
ocked  as  shown,  and  the  loss  of  head  in  B  will  equal  the 
srtiral  height  of  the  air  column  as  represented  by  the 
istance  n. 

From  what  has  already  been  said  regarding  the  formation 
it  air  locks,  the  reader  will  see  at  a  glance  that  the  pipe  ( 
Irill  be  air-locked  between  the  points  m  and  c,  the  cause  of 
the  lock  being  the  pocket  /,  made  in  order  to  clear  the  lower 
Range  of  a  steel  beam  q. 

There  are  several  ways  by  which  this  air  lock  may  be 
ivoidcd;  that  Is,  by  which  air  in  the  pipe  may  freely  escape 
o  the  atmosphere,  and  the  pipe  /,  consequently,  permitted 
o  fill  with  water. 

One  method  is  to  make  a  connection  to  the  side  of  the 
tank  A,  as  shown  by  dotted  lines  at  r,  instead  of  to  the 
lottom.  Another  method  is  to  leave  the  bottom  connection 
a  it  is,  and  run  in  a  small  air  relief  pipe  s,  the  upper 
od  of  which  is  bent  over  the  tank  and  the  lower  end  joined 
o  the  highest  point  of  the  air-bound  part  of  i,  as  shown  by 
lotted  lines. 

Either  of  these  simple  changes  will  effect  a  permanent 
emcdy,  and  the  water  line  in  A  will  always  be  level  with 
in  B  when  no  water  is  being  drawn  from  either  of  the 
uinks. 

Where  there  is  a  liability  of  forming  air  locks  by  the 
[radual  accumulation  of  air  in  a  pipe,  a  blow-olf  cockshould 
»  attached  at  the  lowest  point  on  the  line.  By  opening 
his  cock  and  starting  a  strong  current  of  water,  the  collec- 
jons  of  air  may  be  blown  out: or  small  pet  cocks  may  be 
itiachcd  at  the  top  of  a  bend  where  air  is  likely  to 
iccumulatc. 
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Another  bad  effect  of  sags  in  pipes  is  that  the  pipes  can 
not  be  entirely  emptied  of  water.  Each  sag  will  retain  a 
quantity.  If  the  pipes  be  exposed  to  freezing  weather, 
these  pockets  of  water  will  freeze  and  burst  the  pipes, 
although  they  appear  to  be  empty. 


CIRCULATION    OF  W^ATER. 

S42.     If  water  be  heated,  it  expands  in  bulk;  thus,   a 

cubic  foot  of  hot  water  weighs  less  than  a  cubic  foot  of  cold 

water.     Circulation  is  caused  solely  by  the  change  of  weight 


due  to  expansion  by  heat  and  contraction  by  cooling.  For 
example,  suppose  two  vertical  tubes  are  connected  at  the 
bottom  as  shown  in  Fig.  244.  If  the  water  in  A  is  heated, 
it  still    weighs    the    same  as   before,   but  it  occupies  more 
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space;  consequently,  the  surface  of  the  water  rises  in  the 
tube  from  the  original  level  ^  to  a  new  level  y.  Now,  a 
difference  exists  in  the  height  of  the  two  columns,  but  they 
weigh  the  same,  and  balance  each  other.  If  a  connection 
be  made  near  the  level  .r,  the  extra  head  in  A  will  cause  the 
water  to  flow  over  into  B.  The  head  which  compels  this 
flow  is  equal  to  the  difference  between  the  levels -f  and  i'. 
The  pressure  thus  generated  is  small,  but  it  is  enough  to 
overcome  the  friction  of  the  water  among  its  own  particles 
and  against  the  surface  of  the  tubes,  causing  it  to  How  over 
into  B.  Weight  is  thus  transferred  from  A  to  B,  A  becom- 
ing a  little  lighter  and  B  a  little  heavier.  The  two  columns 
of  water  no  lunger  balance;  B  sinks,  and  A  is  forced  to  rise. 
The  cool  water  from  B  passes  over  into  the  foot  of  A  and 
encoimters  the  heat.  It  is  expanded,  its  weight  is  dimin- 
ished, and  it  is  crowded  upwards  by  the  cooler  and  heavier 
water  coming  in  behind  it.  Some  of  the  heat  will  be  lost 
by  radiation,  but  the  mechanical  effect  of  the  remainder  of 
the  heat  will  be  spent  in  overcoming  friction  of  the  water. 
The  rapidity  of  circulation  will  depend  upon  the  difference 
in  temperature;  that  is,  the  difference  in  weight  of  the  two 
columns  A  and  B,  their  vertical  height  and  the  resistance 
due  to  friction,  change  of  direction,  etc. 

If,  instead  of  two  tubes,  as  shown,  a  single  tube  A,  Fig. 
245,  of  capacity  equal  to  the  two,  and  having  a  partition  B, 
which  divides  it  into  two  parts,  be  used,  it  will  operate  the 
same  as  before.  But  if  the  partition  be  removed,  the  up- 
ward and  downward  currents  will  mingle  and  interfere,  thus 
causing  much  mure  friction,  and  retarding  the  circulation. 
The  circulalicin  wciuld  be  very  slow  and  uncertain  if  the  lube 
were  small  in  diameter. 

If  the  divided  tube  above  referred  In  were  laid  in  a  hori- 
zontal position,  so  that  it  was  divided  into  an  upper  and 
lower  chamber,  the  circulation  would  still  take  place,  but  at 
8  much  slower  rate.  If  no  partition  were  present,  the  cir- 
culation would  be  very  slow  and  imperfect.  The  circulation 
of  water  in  vertical  and  horizontal  boilers  is  illustrated  in 
Pigs.  249,  2d0,  and  'lh\. 
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843.  The  rapidity  of  the  circulation  within  a  horizontal 
boiler  may  be  increased,  when  necessary,  by  dividing  it  into 
an  upper  and  lower  chamber  by  means  of  a  horizontal 
partition  A^  as  in  Fig.  246. 


Fig.  d40. 

The  circulation  of  water  in  a  system  of  hot-water  pipes 
employing  a  return  pipe,  as  shown  in  Fig.  240,  is  quite 
rapid  because  of  the  great  difference  in  temperature  of  the 
water  in  the  rising  and  return  pipes. 

The  matter  of  friction  must  be  carefully  attended  to;  all 
sharp  bends  and  contractions  in  the  pipes  must  be  avoided. 
Abrupt  enlargements  of  the  pipe,  or  pockets,  create  friction 
and  impede  the  flow. 

The  circulation  in  a  system  of  pipes  which  is  used  for 
cooling  purposes  depends  upon  the  same  conditions.  The 
ice  or  refrigerating  liquid  should  be  applied  near  the  top  of 
the  descending  column;  the  material  which  is  to  be  cooled 
should  be  allowed  to  touch  only  the  ascending  column,  and, 
if  possible,  placed  at  its  base.  In  this  way  the  greatest 
possible  difference  in  density  of  the  ascending  and  de- 
scending columns  will  be  obtained. 

Water  must  be  heated  from  below  and  be  cooled  from 
above.  It  conducts  heat  so  slowly  that  the  heating  or  cool- 
ing depends  very  largely  upon  circulation.  A  liquid  which 
conducts  heat  readily,  like  mercury,  can  be  heated  from  any 
direction. 

If  water  is  to  be  heated  in  a  tank,  the  heating  pipes  should 
be  placed  a  few  inches  above  the  bottom ;  if  it  is  to  be  cooled, 
the  cooling  pipes  should  be  placed  just  below  the  surface  of 
the  liquid. 

844.  The  boiling:  point  of  water  varies  with  the 
pressure.     The   temperature    at    which    the   formation    of 
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Mcam  begins  docs  not  increase  in  the  same  ratio  as  the  pres- 
sure. Thus,  water  boils,  under  atmospheric  pressure  only, 
at  212°;  under  10  pounds  gau^e  pressure,  at  "iSK",  which  is 
an  increase  of  2G°  temperature  for  10  pounds  increase  of 
pressure.  From  50  to  110  pounds  pressure  the  temperature 
rises  from  307"  to  HOT",  or  about  1"  for  each  pound  of  pres- 
sure. From  urn  to  IIO  pounds  pressure  the  temperature 
rises  from  337"  to  \iH°,  or  about  7°  for  each  10  pounds  of 
pressure. 

In  the  table  of  Properties  of  t^team  will  be  found  the 
boiling  point  of  water  (that  is,  the  temperature  of  steam) 
under  varying  absolute  pressures  above  and  below  atmos- 
pheric pressure;  also,  the  volume  of  steam  at  that  pressure 
compared  to  the  volume  of  water  of  which  it  is  composed. 

Water  or  steam  can  not  be  heated  to  a  higher  temperature, 
under  a  given  pressure,  than  that  named  in  the  table.  If  the 
temperature  be  increased,  the  pressure  will  be  increased, 
inevitably.  Water  can  not  be  superkeated.  The  relation 
between  temperature  and  pressure  is  absolute.  The  tempera- 
tures of  water  and  of  the  steam  which  is  in  contact  with  it 
arc  always  equal.  The  water,  however,  may  vary  several 
degrees  in  temperature  in  various  parts  of  a  boiler,  owing  to 
the  loss  of  heat  by  radiation  or  cooling.  These  local  differ- 
ences of  temperature  give  rise  to  currents  in  the  water,  and 
circulation  will  take  place. 


845>  It  has  been  stated  that  water  expands  by  applica- 
tion of  heal;  further  particulars  on  this  point  are  given 
in  the  table  of  Expansion  and  Weight  of  Water.  With 
ihc  aid  of  this  table,  the  student  will  be  able  to  compute  the 
weight  of  any  vulnme  of  water  having  any  temperature 
between  33°  and  3iiii°  F. 


84A.  The  expansion  given  in  the  table  is,  of  course, 
I  cubical,  but  since  water  must  always  be  confined  in  a  vessel. 
J  the  increase  in  volume  due  to  increase  in  temperature  will 
I  travel  up  the  vessel;  consequently,  it  is  practically  linear 
I  expansion. 


4oG  PLUMBING   AND   DRAINAGE. 

The  expansion  of  water  may  be  found  by  reference  to 
the  before-mentioned  table,  assuming  that  the  volume  is  1  at 
32°  F. 

To  compute  the  change  of  volume  due  to  change  of 
temperature : 

Rule. — Divide  the  product  of  the  original  volume  and  the 
comparative  volume  at  final  temperature  by  the  comparative 
volume  at  original  temperature. 

Example. — A  vessel  containing  40  gallons  of  water  is  raised  in 
temperature  from  62"*  F.  to  200^  F.     What  is  its  final  volume  ? 

Solution. — Original  volume  =  40  x  231  =  9,240  cu.  in. 

„.     ,      ,             9.240x1.03889      ^r^c^aK        •         a 
Final  volume  = =  9,589.65  cu.  in.     Ans. 

Consequently,  amount  of  expansion  =  9,589. G5  —  9,240  = 
349.G5CU.  in. 

If  this  be  divided  by  the  sectional  area  of  the  vessel  in 
which  the  water  expands,  the  quotient  will  be  the  height  to 
which  the  water  will  rise. 


EXPANSION  PIPES. 

847.  An  expansion  pipe  is  a  pipe  open  at  the  top  which 
extends  upwards  from  a  kitchen  boiler  to  a  tank  at  a  higher 
elevation  and  empties  over  it,  or  delivers  at  some  other 
suitable  point.  (See  Fig.  243.)  The  pressure  within  the 
boiler  is  determined  by  the  height  of  the  surface  of  the  water 
in  the  tank  above  it,  and  the  boiling  point  of  the  water 
will  correspond  to  that  pressure,  as  given  in  the  table  of 
Properties  of  Steam.  The  boiling  point,  therefore,  will  be 
above  212°  in  ail  cases.  If  steam  is  formed  in  the  boiler, 
it  may  force  some  of  the  water  back  up  into  the  tank. 
But  the  expansion  pipe  being  connected  at  the  top  of 
the  boiler  allows  the  bubbles  of  steam  to  pass  upwards 
through  it  and  thus  escape.  The  water  will  at  all  times  be 
warmer  in  the  expansion  pipe,  providing  circulation  is  ob- 
tained through  it,  than  in  the  supply  pipe  from  the  tank 
to  the  boiler;  consequently,  the  level  of  the  water  standing 
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■  in  the  expansion  pipe  will  be  a  little  higher  than  the 
I  surface  of  the  water  in  the  tank.  Advantage  may  be 
P  taken  of  these  circumstances  to  keep  the  temperature  of 
[the  wattr  in  the  boiler  below  its  boiling  point.  For  e.\- 
I  ample,  the  water  when  heated  ta  the  desired  temperature 
I  will  stand  several  inches  higher  in  the  expan.sion  pipe 
Ithan  in  the  tank,  as  explained  in  Art.  842.  The  end  of 
Bthc  expansion  pipe  is  carefully  adjusted  to  that  level,  so 
■that   if    any   increase   in   temperature   occurs,    the   conse- 

■  ijucnt  expansion  will  cause  the  water  to  overflow  into  the 

■  tank    or    elsewhere.     The  weight    of   the   column    of   hot 

■  water  will  no  longer  balance  the  cold-water  supply  column, 
iand  cold  water  will  come  down  into  the  boiler  and  displace 
rthc    hot    water,    driving   it   up   the   expansion    pipe    until 

the  temperature  falls  to  a  point  where  the  columns  will 
balance. 

Thus,  the  maximum  temperature  of  the  water  may  be 
kept  at  a  desirable  degree,  regardless  of  the  pressure,  and 
Kthe  formation  of  steam  within  the  boiler  may  be  prevented, 
Iso  long  as  the  cold-water  supply  is  maintained. 

The  expansion  pipe  will  serve  as  a  relief  pipe  and  as  a  heat 
wfgulettor,  when  it  is  used  in  connection  with  a  pressure- 
reducing  valve  upon  a  system  which  is  supplied  by  a  high- 
wessure  street  main.  In  that  case  the  expansion  pipe 
Ibverflowsinto  a  sink  or  any  convenient  point,  and  the  excess 
lof  water  which  thus  overflows  is  wasted.  The  volume  of 
Jie  boiler  and  expansion  pipe  being  constant,  it  follows  that 
■the  pressure  put  on  by  the  reducing  valve  will  exactly  bal- 
■lince  the  column  of  hot  water  contained  in  the  expansion 
pipe  only  when  its  density  and  temperature  are  at  a  certain 
Begree.  If  that  temperature  is  exceeded,  the  weight  of  the 
wlumn  diminishes,  and  the  cold  water  will  force  its  way  in- 
■rards  until  the  temperature  is  diminished  to  the  proper 
►oint  and  the  balance  is  restored. 
Ojien  expansion  pipes  are  seldom  applied  to  a  system  of 
hlumbing  supplied  by  street  pressure.  In  most  cases  ex- 
lanston  is  permitted  to  travel  back  into  tlie  street  mains. 
pWben  a  check-valve,  such  as  a  pressure- reducing  valve,  is 
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attached  to  the  main  service  pipe,  the  surplus  water  due  to 
expansion  escapes  through  a  safety  valve  provided  for  the 
purpose. 

WATER-BACKS,  OR  WATER  HEATERS. 

848.  Hot  water  for  domestic  purposes  is  commonly 
heated  in  the  cooking  range  by  means  of  a  water-hack,  or 
by  a  coil  of  pipe  which  extends  around  the  top  edge  of  the 
fire-box. 

A  water-back  is  a  cast-iron  block  which  is  provided 
with  internal  passages  through  which  water  can  flow.  It  is 
made  by  coring  out  the  interior  at  the  time  of  casting,  or 
by  casting  the  block  around  a  flat  coil  or  loop  of  wrought- 
iron  pipe,  which  is  laid  in  the  mold.  Water-backs  cover  one 
side  of  the  fire-box,  and  are  usually  tapped  with  two  holes 
for  1-inch  wrought-iron  pipe. 

A  water-back  is,  properly  speaking,  a  water  heater.  It  is 
generally  called  a  "water-back,"  but  there  are  many  places 
in  the  United  States  where  its  name  changes  with  its  posi- 
tion in  the  fire-box  of  the  range.  For  example,  when  the 
water  heater  is  located  at  the  side  or  front  of  the  range,  it  is 
known  as  a  water-front. 

One  of  these  heaters  is  shown  in  section  in  Fig.  247.  The 
casting  a  is  the  heater 
proper.  Its  flat  sides 
are  tied  together  by 
a  partition  b  which 
also  serves  to  compel 
the  water  to  circulate 
throughout  the  entire  length  of  the  casting. 

The  pipe  e  supplies  the  heater  with  cold  water,  usually 
taken  from  the  bottom  of  the  kitchen  boiler;  this  pipe  is 
called  the  return  pipe  to  ivati-r-haek.  The  pipe  i-/ receives 
hot  water  from  the  heater  and  delivers  it  to  the  boiler,  where 
it  is  stored  and  ready  for  use. 

A  water-buck,  having  water  inside  and  fire  outside,  is 
exposed  to  sm-ere  internal  strains,  and  the  metal  must  be 
much  thicker  than  is  required  to  resist  the  water  pressure. 


:\ 
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Waler-l>acks  are  designed  to  resist  a  pressure,  when  cold,  uf 
700  pounds  per  square  inch.  The  manner  of  connecting 
them  to  a  boiler  is  clearly  shown  in  Figs.  24fl.  350,  and  251. 

840>  A  nre-ht>x  coll  for  heating  water,  instead  at  a 
water-back,  is  shown  in  Fig.  24S.  The  coil  is  usually  made 
of  copper  lube,  }  inch 
internal  diameter  and 
about  i  inch  thick. 
placed  on  the  inner 
edge  of  the  firebricks, 
as  shown. 

Wat  er-backs  are 
sometimes  overheated 
and  weakened,  or  arc 
eaten  away  by  inter 
nal   corrosion,  and   if  '"'    "^ 

an  extraordinary  pressure  is  brought  to  bear  within  them, 
they  will  explode  with  disastrous  efFcci,  The  damage  which 
results  from  the  explosion  of  a  water-back  greatly  exceeds 
that  from  the  bursting  of  a  pipe  coil,  because  of  the  greater 
interior  area  and  greater  volume  of  contents. 

850<  The  bIzc  nf  a  water  hcuter  is  measured  by  its 
heating  surface  in  square  inches,  reckoning  only  that  side 
which  is  exposed  to  the  tire.  About  100  square  inches  of 
external  heating  surface  are  sufficient  for  a  4n.gallon  boiler 
where  water  is  plenty,  or  a  .50-gallon  boiler  where  water  is 
scarce. 

The  quantity  of  water  heated,  the  time  required  to  heat 
it.  and  the  quantity  of  water  consumed,  vary  in  every  case. 
The  size  of  a  water-back  which  should  be  placed  in  a  range 
depends  upon  the  plumbers  judgment.  A  large  boiler 
requires  a  large  water-back,  and  a  small  boiler  a  small  one. 
A  targe  txjilcr  and  a  small  water-back  means  scarcity  of  fiat 
water  or  plenty  of  lukewarm  water.  A  large  water-back 
and  a  small  boiler  means  boiling  hot  water,  and  rumbling, 
snapping,  and  cracking  noises,  caused  by  the  formation  of 
steam. 
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HOT-WATER   BOILERS. 

851*  Boilers  for  domestic  use  are  made  either  of 
copper^  thoroughly  tinned  upon  the  inside,  or  oi  galvanized 
iron.  They  are  usually  set  in  a  vertical  position,  but  when 
circumstances  require  it  they  can  be  operated  horizontally. 
Boilers  are  also  made  double^  one  within  another,  to  suit 
places  where  the  water  is  drawn  from  two  sources  at  differ- 
ent pressures,  and  where  one  water  heater  must  heat  the 
water  in  both  boilers. 

852.  The  size  of  a  boiler  which  should  be  placed  in  a 
residence  is  a  matter  of  great  uncertainty.  Experience  shows, 
however,  that  a  40-gallon  boiler  is  usually  sufficient  for  a  house 
having  one  bath-room  and  one  sink,  a  set  of  wash-tubs  and 
a  wash-bowl.  If  there  are  two  bath-rooms,  a  50  or  GO-gallon 
boiler  should  be  used.  It  is  good  policy  to  have  the  boiler 
a  little  larger  than  necessary,  rather  than  small,  particularly 
if  the  pressure  is  low. 

Boilers  may  be  covered  with  neat  wooden  lagging,  com- 
posed of  strips  of  pine  or  hard  wood,  \\  inches  to  2  inches 
wide,  \  inch  or  more  in  thickness,  tongued  and  grooved, 
and  ponfined  by  brass  or  galvanized  iron  bands.  This  will 
prevent  the  excessive  waste  of  heat  which  occurs  from 
radiation,  and  which  tends  to  make  the  kitchen  uncomfort- 
ably warm. 

Safety  valves  are  not  necessary  when  the  boiler  is  directly 
connected,  without  the  intervention  of  a  check-valve  or  a 
reducing  valve,  to  the  street  mains,  or  to  a  tank,  because 
the  expansion  of  the  water  in  the  boiler  is  relieved  by  forc- 
ing a  small  amount  back  into  the  supply  pipe.  Where  that 
method  of  relief  is  prevented  by  check-valves  or  other 
devices,  safety  valves  must  he  used. 

A  vacuum  valve  must  be  attached  if  the  boiler  is  liable 
to  be  emptied  and  to  have  a  vacuum  formed  within  it, 
because  the  pressure  of  the  atmosphere  upon  the  outside 
will  crush  it,  unless  the  vacuum  be  destroyed.  A  boiler 
which  is  supplied  with  an  expansion  pipe  does  not  require 
either  a  safety  or  vacuum  valve. 
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Boiierssheuld  he  testcd\)y  hot-water  pressure  to 
per  square  inch  for  general  service.     A  test  of  10(i  pounds  per  i 
square  inch  is  enough   for  working  pressures  of  :)<t  pounds 
or  less.     For   extra   heavy  working  pressures,  the  boilers  j 
shuultl  be  tested  to  douhle  the  working  pressure,  or  to  at 
least  UX)  pounds  more  than  the  working  pressure. 

The  consequences  of  the  explosion  of  kitchen  boilers  are 
likely  to  be  very  serious,  and  the  plumber  should  insist  that 
the  manufacturer  test  every  boiler  to  a  proper  test  pressure, 
and  guarantee  it  to  endure  that  pressure. 

Iron  boilersarc  galvanized  after  they  are  riveted  together. 
The  interior  can  be  examined  by  pushing  a  lighted  candle 
inside  and  looking  through  the  pipe  holes. 

Boilers  which  are  constructed  with  a  single  line  of  rivets 
in  the  longitudinal  seam,  are  called  »inKle-»**v*:tcd,  and  are 


suitable  (or  moderate  pressures  only, 
lines  of  rivets  in  zigzag  or 
alternate  order  are  called 
doublK-rlv«tc(I.  and  are 
suitable  for  heavy  pressure. 
A  single  row  of  rivets  is 
sufficient  to  secure  the  head 
or  the  bottom. 


8Sa.  The  proper  mode 
of  connecting  up  verti- 
cal boilers  is  shown  lit 
Frg.  2411.  The  cold-waier 
pipe  .V  should  enter  at  the 
top  of  the  boiler  and  tjid 
ai  the  line  a  h,  which  shciuld 
be about  three  inches  above 
Ihe  level  of  the  water-Viack 
W  S.  When  the  pres- 
'  sure  is  »hut  off,  the  water 
te  likely  to  be  drawn  out  of 


the  boiler  by  the  opening  of  a  faucet  at  a  lower  level,  as  at 
.  The  pipe  X  .V,  then  acts  as  a  siphon,  and  will  run  the 


462  PLUMBING   AND   DRAINAGE. 

water  out  until  its  level  falls  to  the  end  of  the  pipe  X^. 
If  X^  extends  to  the  line  c  d,  the  water-back  will  be  drained, 
which  is  dangerous.  Unless  the  fire  is  drawn,  the  water- 
back  will  become  overheated,  and  when  the  cold  water  is 
turned  on,  the  water-back  will  be  very  liable  to  crack  or 
explode.  All  danger  from  siphoning  can'  be  avoided  by 
drilling  a  small  hole  (about  \  inch)  in  the  pipe,  as  at  B,  The 
hot-water  pipe  A  is  connected  at  the  extreme  top  of  the 
boiler. 

The  general  direction  of  the  circulation  is  shown  by  the 
arrows.  Connections  are  made  to  the  water-back  by  two 
pipes  Y  and  Z,  The  pipe  Y  should  be  connected  to  the 
bottom  of  the  boiler,  and  should  be  inclined  upwards 
towards  the  water-back.  The  pipe  Z  receives  the  hot  water 
from  the  water-back,  and  should  be  inclined  upwards 
towards  the  boiler.  It  should  be  connected  to  the  boiler  at 
a  point  not  less  than  J  the  height  above  the  bottom,  and  it 
should  be  at  least  1  inch  internal  diameter  for  a  40  to  GO- 
gallon  boiler. 

A  blow-off,  or  Hcdlment  cock,  to  remove  mud  and  sedi- 
ment, should  be  provided,  as  at  E,  This  may  empty  into  a 
sink,  or  may  be  connected  to  a  waste  pipe  on  the  house  side 
of  the  trap  seal.  In  all  cases,  however,  it  is  best  to  blow 
the  boiler  off  into  the  open  atmosphere.  If  possible,  the 
sediment  blow-off  connections  should  never  be  made  in  such 
a  manner  that  boiler  water  may  leak  away  without  being 
observed. 

Boilers  connected  in  this  way  require  considerable  time  to 
heat  their  entire  contents  so  that  hot  water  will  readily 
appear  at  the  faucets. 

854.  When  it  is  desired  to  get  hot  water  without  delay 
after  starting  up  the  fire,  another  system  of  hot-water  con- 
nections is  resorted  to.  This  is  shown  in  Fig.  250.  The 
pipe  Z  is  connected  directly  to  the  hot-water  distributing 
pipe  A,  as  shown.  Thus,  the  hot  water  as  it  comes  from 
the  water-back  can  flow  direct  to  the  fixtures,  or  if  none  is 
wanted  it  can  flow  into  the  boiler. 
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I  When  hat  w»ter  stands  in  the  pipes  for  any  considerable 
mo  it   cools  off,  and  it  soraetiraes  hap|H;iis  that  i 
rations  of  culd  or  luke- 
warm  water  must  be 
1  from  the  faucet 
iefnrc    hot    water  ap- 
«r».     This  is  always 
tannoying,    and    when 
|rater  is  scarce,    it   is 
rery  troublesome  and 
^inetimes    expensive, 
secure   hot   water 
h  each  fixture  prom jiL- 
upon    the   upcning 
faiu-el.    ii    ri- 
a-H/tficm\3sl  be  used. 
Vhis  pipe  h  joined  to 
:   hot-water    supply 
near     each    fix- 
iire,  and   it   should   always   be   one  or   two   sizes  smaller 
1  the  hot  supply  pipe.     The  rc/uni  branches  are  united 
a  descending  pipe,  which  enters   the  boiler  at  Ii,  Fig. 
about  one-third  up.     It  is  not  good   practice  to  con- 
!ct  the  return  pipe  to  the  extension  of  pipe  Y  as  shown 
the  dotted  lines,  becausi;  cold  water  from  the  bottom  of 
le  boiler  wilt  surely  flow  up  this  pipe  and  mix  with  the  hot 
.ter  in  the  hot-water  supply  pipe  before  it  reaches   the 
inceC. 

Ordinary  check-valves  should  not  be  employed  in  the  re- 
pipe,  tKcaiise  the  circulating  current  is  too  weak  tu 
te  them. 

The  hot  water  rises  in  A  and  returns  in  B,  maintaining  a 

irculaiion  which  is  sufficient  to  keep  A  filled  throughout 

entire  length  with  hot  water  of  satisfactory  temperature. 


?  SS6>     llorlsonlal  bollerii  are  employed  where  there 

k  n«i  nK>m  li<  stand  a  vi-rtiial  boiler.     The  manner  of  con- 

jting  them  is  shown  in  Pig.   3S1.      A   is   the  hot-water 
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supply  pipe;  B  is  the  return  pipe;  X  is  the  cold-water 
supply;  Kand  2 are  the  connections  to  the  water-back  C. 
The  water-back  should  be  at  a  lower  level  than  the  bottom 
of  the  boiler.     The  arrows  show  the  direction  of  the  circu- 


lation.    The  boiler  may  be  supported  upon  brackets  or  may 
be  suspended  by  bands  from  overhead  floor-beams. 

Horizontal  boilers  are  usually  suspended  immediately  over 
the  kitchen  ranges. 

S66>  Double  boilers  are  used  to  heat  water  which  is 
supplied  from  two  separate  sources;  usually  one  part  of  the 
boiler  receives  water  from  street  mains,  and  the  other  is 
supplied  from  a  tank,  The  two  boilers  are  combined  in  one 
structure,  as  shown  in  Fig.  252.  The  cylinder  B,  or 
Inner  Intller,  which  is  fed  from  the  tank  and  sustains 
the  highest  pressure,  is  placed  inside  of  the  low-pressure 
boiler  A.  The  inner  boiler  is  heated  by  the  water  in  the 
outer  one ;  thus  both  are  operated  with  one  water-back,  or 
heater. 

If    the    inner    boiler  should    ever   be    f 
outer    one    was    full,   it    might    collapse   i 
the    external    pressure;  therefore, 
empty  the  outer  boiler  first  at  all  times. 
be  filled  first.      The  connections  to  each  boiler  are  made  in 
the  same  manner  as  for  an  ordinary  vertical  boiler.     Cand 
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n  arc  Ihc   pipes  lo  the  water-back.      E  is  the   hot-w;ili;r            ^^| 
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IKHLKHK    1IHATEU    BY    STEAM. 

867.     The  hot-water  supply  for  large  buildings,  hotels, 

c,  is  Jkimeltmes  healed  by  steam,  as  shown  in  Fig.  2.53.   A 

>rixontHl   boiler  A   is  shown,  but  a  vertical  one  can   be 

cd  equally  well.      The  steam  is  taken  in  at  the  valve  C, 

id  after  passing  through  the  coil  of  brass  or  copper  pijiu  D, 

passes  off  in  the  form  of  water  through  the  pipe  E  to 

B  steam  trap.     The  coil  should  be  inclined  so  that  the 

am   which  is  condensed   within  the  tubes  will    flow  by 

avity  towards  the  exit   E.     B  is  the  cold-water  supply 

pc;  F'\&  the  hot-w:iter  supply  to  the  fixtures,  and  G  is  the 

turn  pipe  from  the  fixtures. 

P.    n.~iQ 
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;upply  of  steam  for  heating  the  coil  may  be  shut 

louw-.i-i  off  at  times,  or  may 

u   l)t  *j be  withdrawn  during 

'          ''              ~^  the  summer.   In  that 


■gc  case,  an  auxiliary- 
*"^~'  heater  must  be  pro- 
vided. The  arrange- 
ment of  the  heater  is 
also  shown.  It  con- 
sists mainly  of  a  fur- 
nace chamber  which 
is  surrounded  by  a 
cast-iron  water-jack- 
et //.  The  cooled 
water  flows  down  the 
pipey,  and  becoming 
warmed  in  the  jacket 

/f,  flows  upwards  throutjh  the  pipe  /,  thus  maintaining  a 

constant  circulation. 


STOHAtlB    TANKS    FOK    WATER. 

858.  If  water  is  to  he  sturcd  in  a  tank  for  drinking 
and  cookinjj  purimscs,  great  earu  must  hi;  taken  to  make  the 
tank  lining  of  a  material  that  will  hu  insoluble  in  the  classof 
water  ctintained.  It  is  found  that  shuet  copper  tinned  on 
the  inside  forms  an  excellent  lining,  and  is  often  used  in 
wooden  tanks. 

Tanks  madt-  of  impervious  materials,  such  as  porcelain, 
glass,  slate,  stoneware,  eti:. ,  arc  also  used  fur  storing  drink- 
ing water.  The  slabs  of  which  the  tank  is  composed  are 
usually  made  water-tight  at  the  seams  with  red  or  white  lead, 
and  are  held  in  position  by  stayholis  which  bind  the  opposite 
sides  and  resist  the  water  pressure. 

A  sheet-metal  tray,  or  wif*;,  is  usually  placed  under 
water  tanks  in  buildinjjs  l<)  prevent  ilaniai;c  by  leakage  or 
overflow. 

The  safe  is  usually  turned  uj)  :!  'T  l  inches  all  around  its 
edges,  and  isprovided  wilha  IJ  or  IJ-inchsufc  waste  pipe 
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ischarging  to  the  atmosphere  at  some  convenient  point, 
xh  as  over  and  into  a  sink. 

Sheet  lead,  zinc,  and  galvanized  iron  are  unsuitable  for 
ink  linings,  because  they  will  prison  the  water. 
Tanks  may  be  constructed  of  plain  black  sheet  or  tank 
on,  or  of  cust  iron,  These  will  not  injure  the  water  unless 
stands  a  long  time,  in  which  case  it  will  be  discolored,  and 
ill  acquire  a  nauseous  taste. 

If  rain-water  or  other  soft  water  is  to  be  stored  in  a  lead- 
led  tank,  the  lining  should  first  be  thoroughly  covered 
itb  a  coat  of  lime  wash.  This  will  form  a  coating  of 
irbonate  i>f  lead,  which  will  retard  the  corrosion  of  the  lead 
id  the  contamination  of  the  water. 

659>  Circular  vrooden  tanks,  made  of  well-jointed 
tves,  thoroughly  hooped,  are  used  for  storing  drinking 
ater,  whenever  circumstances  will  permit.  Cedar  iscom- 
tonly  used  in  their  construction,  since  it  is  easily  made 
Rtcr-tight  and  is  very  durable. 

Wooden  tanks  are  chiefly  used  for  out-of-door  purposes, 
(ing  often  placed  above  the  roofs  of  the  buildings  they  are 
(tended  to  supply. 

Tanks  of  extra  large  capacity  are  frequently  made  of 
rought-iron  plate,  and  are  circular  in  form.  They  may  be 
ictangular  in  form  if  desired,  but  for  equal  capacity  rectan- 
alar  tanks  are  more  expensive,  because  of  the  elaborate  sys- 
imof  bracing  which  is  required  to  keep  them  in  proper  shape. 
Iron  tanks  require  protection  against  frost;  for,  since  iron 
a  good  conductor  of  heat,  the  heat  of  the  water  is  rapidly 
aosmitled  to  the  outer  air,  and  the  water  contained  in  the 
mk  freejcs.  This  does  not  occur  to  such  an  extent  in 
ooden  tanks. 

860.  Since  plumbers  are  expected  not  only  to  line  tanks 
Ith  sheet  metal,  and  thereby  make  them  water-tight,  but 
BO  to  design  them  and  oversee  their  construction,  we  will 
eat  rather  extensively  upon  the  design  and  construction  of 
ictanKular  wooden  tanks,  this  form  being  generally 
njiloyed  inside  buildings. 
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Rectangular  wooden  tanks  are  very  difficult  to  keep  water- 
tight; consequently,  they  are  usually  lined  with  sheet  metal. 
In  a  lined  tank,  the  wooden  sides  and  bottom  have  only  to 
support  the  sheet-metal  lining  and  resist  the  hydrostatic 
pressure.     They  are  not  required  to  be  water-tight. 

The  sides  and  bottom  should  be  H  inches  thick  and 
upwards,  according  to  the  distance  between  the  supports  and 
the  depth  of  the  tank.  The  supports  should  be  placed  so 
closely  together  along  the  sides  and  ends,  and  across  the 
bottom,  that  the  planking  will  not  spring  between  them. 

In  Fig.  254  is  shown  two  methods  of  bracing  the  sides  of 
a  rectangular  tank.     The  sides  are  prevented  from  bulging 


Fig.  254. 

outwards  by  vertical  posts  A  and  A^.  In  the  method  to  the 
left  of  the  figure  the  posts  A  are  secured  in  position  by  mortise 
and  tenon  joints  C  to  the  horizontal  timbers  /),  /),  and  are 
wedged  tight  by  wooden  wedges  By  E,  This  class  of  bra- 
cing is  not  so  strong  as  that  which  ties  the  post  A^^  which  is 
held  in  position  at  top  and  bottom  by  wrought-iron  bolts  or 
rods  /),  B.  The  lower  rod  should  be  stronger  than  the  top  rod. 
All  the  bracing  timbers  must  run  crosswise  with  the 
planking  G  and  fish-plates,  or  large  iron  washers  F  should 
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:  used    to   prevent   the  nuts   from   "chewing"  into   the 

Th«  ends  of  the  tank  must  be  supported  by  posts  and  tic- 

i,  as  the  sides  are.     The  bottom  tie-rods  will  necessarily 

i  through  the  sills.     The  sills  must  never  be  notched  to 

i  the  rods,  but  boles  for  that  purpose  should  be  bored 

(long  the  center  line  nf  the  timber,  making  the  holes  i  inch 

larger   than    the  rods,   for   convenience   in    pushing   them 

Ithrough.      It  should  be  remembered  that  the  pressure  upon 

Kthe  sides  of  a  tank  depends  wholly  upon  the  (/(//A  of  the 

irater,  and  is  unaffected  by  the  width  of  the  tank,  while  the 

I  pressure  upon  the  bottom  depends  upon  its  area  and  the 

I  depth  of  the  water.     Thus,  with  an  equal  depth  of  water,  a 

■  tank  but  one  inch  wide  or  less  will  have  exactly  the  same 
Vbursting  pressure  upon  its  sides  as  one  10  feet  wide  or  more. 

S01>     When  a  wooden  house  tank  is  filled  with  water,  it 

tends  to  bulge  outwards,  and  when  it  is  emptied  it  returns 

nearly  to  its  original  shape.     There  is  usually  more  injury 

done  to  lead  tank  linings  by  the  opening  and  closing  of 

^.angles  and  sharp  curves  when  the  sides  and  ends  of  the 

■  tank  yield  under  the  pressure,  than  is  accomplished  by 
Icorrosion.  This  is  due  to  the  fact  that  the  elasticity  of 
■lead   is  exceedingly   low,  and,  consequently,  lead    can   not 

luccessfully  withstand  repeated  Ijcnding  at  the  same  point. 
Fig.  355  shows  a  section  of  a  wiped  seam  in  the  bottom 
knglc  of  a  lead  tank  lining.  It  clearly  illustrates  how  lead 
lining  in  a  poorly  made  tank  will  not  remain  long  water- 
Ught  unless  a  constantly  uniform  water  level  is  maintained. 
The  view  is  supposed  to  be  about  the  middle  of  the  tank. 
llMcause  this  is  the  place  where  the  side  a,  if  unsupported, 
vill  spread  out  most. 

When  the  tank  was  made,   the  lowest  side  plank  a  was 
hpiked  closely  against  the  bottom  plank  A,  and,  of  course,  the 
pining  was  put  in  to  fit  snugly  into  the  angles,  then  wiped 
1  position. 

As  the  tank  filled  with  water,  the  pressure  upon  the  side 
tnc  too  great  for  the  spikes  to  resist ;  hence,  they  were 
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drawn  out  to  the  extent  shown,  and  the  plank  a  bulged  out's 
warfls  about  \  of  an  inch.     The  le.-id  lining,  however,  fittet 

snugly  against  the  w Iwrk,  ,i'!.l  offsets  are  now  forme* 

long  the  edges  of  thJ 

Ider  r,  as  shown  at  ( 

nd   r,   which    weakens] 

he    metal    at    thos^ 

ts.     Notwithstandi 

g  this  defect,  the  lin<] 

n\^    'ould  last  a  re; 

ble  length  of   tin 

tl  e     ffsets  in  the  n 

d  d    not    change    thel^ 

shape. 

If   however,  the  sid^ 
a   s]  rings   back    to 
o    f,  nal  form  when  thd 
tank  is  emptied,  or  should  the  hning  change  much  in  temJ 
perature,  and  thereby  cause  the  offsets  to  compensate  fori 
the   expansion   and   contraction   of   the   sheets,   the   meta] 
along  the  edge  of  the  wiping  will  soon  become  "  rotten, "am 
to  a  certain  extent  brittle,  a  crack  being  formed  along  thi 
edges  of  the  wiping. 

To  avoid  this  trouble,  then,  the  sides  of  the  tank,  par^ 
ticularly  at  the  angles,  should  be  made  strong  enough  tof 
resist  the  hydrostatic  pressure,  without  any  perceptible 
bulge  or  opening  of  the 
joints.  Fig.  256  shows 
how  this  is  accomplished 
in  small  tanks  which  re- 
quire to  be  neatly  niinlr 
and  strongly  built,  smh, 
for  example,  as  i.-un,- 
exposed  to  vle\%'  i 
buildingand  whose --I/'  - 
do  not  exceed  4  ft.  x  3  ft. 
X  %  ft.  deep.  The  sides 
&,  a   and  ends  b,  b  are 
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joined  together  at  their  corners  by  dovetailed  Joints. 
which  are  reenforced  by  nails,  shown  by  doited  Hnes.  The 
sides  and  ends  arc  then  carefully  "squared"  and  the  bot- 
tom is  spiked  on,  the  nails  also  being  shown  by  dotted  lines. 
These  nails  nr  spikes  prevent  the  lower  parts  of  the  sides  and 
ends  (mm  spreading,  and,  consequently,  preserve  the  lining. 

Should  the  tank  be  much  larger  or  much  deeper  than  the 
above  dimensions,  it  will  be  necessary  to  brace  its  sides  and 
ends  against  bulging,  in  order  to  avoid  the  use  of  too  heavy 
planking, 

862.  Fig.  257  shows  what  plumbers  would  call  a  larije 
opea  liouMe  tank;  its  dimensions,  we  will  suppose,  are 
8  feel  lonjj,  .i  feci  wide,  and  4  feet  deep.  The  planking  is 
white  pine  2  inches  thick  and  free  from  knots.     The  plank- 


ing of  the  ends  is  "let  m "  the  side  planking  about  {  of  an 
inch,  as  shown  at  u,  and  the  sides  are  drawn  together  by 
iron  tie-rods  ^,  and  braces,  side  posts,  or  sliffeners  c,  the 
lower  ends  of  which  are  secured  by  "mortise  and  tenon" 
joints  into  the  timbers  </,  </,  etc.,  which  also  support  the 
bottom  planking  of  the  tank. 

A  detail  drawing  of  the  mortise  and  tenon  joint  which 
connects  c  to  i/  is  shown  at  S  in  the  same  figure.  The 
tenon  r  is  slightly  splayed  upon  the  outside  face  to  fit  a 
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corresponding  splay  or  bevel  shown  by  dotted  lines  in  mor- 
tise /.  The  chief  advantage  of  this  form  of  a  tenon  is  that 
the  greater  the  pressure  against  the  braces,  the  more  firm 
will  the  connection  become;  the  tenons  can  not  be  drawn 
from  the  mortise  holes  if  the  tank  sides  are  made  a  tight 
and  snug  fit.  The  most  common  method,  however,  of  join- 
ing the  vertical  posts  to  the  horizontal  timbers  which  tie 
their  bases  together,  is  to  have  the  faces  of  the  tenon  par 
allel  and  the  outer  end  of  the  mortise  slightly  beveled  so 
that  a  wedge  may  be  employed  to  press  the  posts  hard 
against  the  tank  sides,  as  shown  at  c  in  Fig.  254.  Particular 
care  must  be  taken  to  allow  enough  of  the  timber  to  project 
beyond  the  mortise  hole  to  form  a  good,  unyielding  abut- 
ment for  the  tenon  or  the  wedge,  as  the  case  may  be.  The 
length  shown  in  Fig.  257  will  take  as  much  force  as  the 
tenon  can  impart  to  it,  and  the  proportions  shown  are  about 
correct.  If  the  ends  of  d  are  cut  off  too  short,  the  tenon 
will  shear  off  the  block  of  wood  which  resists  it,  and  thus  the 
sides  of  the  tank  will  spread.  The  ends  of  the  tank  in  Fig. 
257  are  5  feet  long  by  4  feet  deep,  and  although  a  brace  is 
not  absolutely  necessary  to  prevent  the  tank  from  bulging 
at  these  points,  still  it  is  better  to  use  one  at  each  end,  as 
shown  at  g^  g^  so  that  the  ends,  like  the  sides,  will  be  prac- 
tically unyielding.  These  braces  are  drawn  together  by 
iron  tie-rods  above  and  below  the  tank,  the  lower  rod  run- 
ning through  holes  bored  in  the  neutral  axis,  or  middle  of 
the  timbers  d^  d. 

Should  the  tank  be  over  5  feet  deep,  it  becomes  necessary 
to  tie  the  braces  together  at  suitable  points  in  their  length, 
so  as  to  avoid  the  use  of  too  heavy  braces.  This  is  accom- 
plished by  running  a  tie-rod  entirely  through  the  tank,  and 
protecting  it  from  the  action  of  the  water  by  a  slip  tube, 
which  is  wiped  to  the  tank  lining. 

Lead  forms  an  excellent  lining  for  tanks  which  store  what 
we  call  **  hard  water,"  or  that  which  contains  sulphates  or 
carbonates,  because  a  thin  insoluble  crust  of  sulphate  or  car- 
bonate is  formed  on  the  inner  surface  of  the  lead,  and  this 
protects  the  lead  from  any  action  with  the  water. 
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If  a  tank  is  to  be  employed  for  storing  soft  water,  such  as 
rain-water,  or  even  mineral  or  spring  waters  containing  cer- 
tain salts,  such  as  nitrates  and  chlorides,  the  water  will  have 
a  dissolving  influence  upon  the  lead,  and  is,  therefore,  sub- 
ject to  contamination.  If  water  contains  much  free  car- 
bonic acid  gas,  itshouldnot  be  brought  into  contact  with  lead, 
as  the  carbonate  dissolvi;s  in  water  containing  this  substance. 

Sheet  copper,  well  and  heavily  tinned  on  its  inside  sur- 
face, is  found  to  be  very  well  adapted  for  lining  tanks  to 
contain  soft  waters.  Of  course,  a  block-tin  coating  is  not 
insoluble  in  all  waters,  and  while  it  gives  excellent  results 
with  some  waters,  it  may  be  just  as  soluble  as  lead  or  zinc 
in  others.  The  results  obtained  by  the  use  of  tinned  copper 
for  soft-water  tanks  are,  however,  so  satisfactory  that  this 
metal  is  almost  universally  employed  for  such  work. 

Wbat  has  already  been  said  regarding  the  construction  of 
lead-lined  tanks  is  quite  applicable  to  tanks  lined  with  sheet 
copper  or  any  other  thin  sheet  metal. 

Care  should  be  taken  to  provide  a  Boor,  or  other  sup- 
ports, beneath  a  tank  of  sufficient  strength  to  support  it 
without  sagging. 

80C1.  Tanks  above  roofs  are  usually  fittL-d  up  a  few  feet 
above  the  roof  in  order  that  connections  may  be  con- 
veniently made  underneath,  and  that  the  tanks  may  be 
protected  from  frost  by  suitable  casings.  Tanks  in  shel- 
tered positions  are  usually  set  on  flat  floors,  etc,  with  the 
pipe  connections  leading  from  their  sides. 

A  tank  which  is  outside,  or  on  top  of  a  building,  should  be 
provided  with  a  waoJen  housing,  \.o  protect  it  from  frost  and 
from  the  heat  of  the  sun.  Care  must  be  taken,  in  locating 
a  tank,  t"  avoid  the  vicinity  of  soil  pipes  and  vent  pipes,  and 
all  possible  sources  of  contamination  by  foul  air.  All  stor- 
age tanks,  either  inside  or  outside  of  buildings,  should  be 
provided  with  tight  covers  to  prevent  the  entrance  of  dust, 
etc.  The  covers  should  be  carefully  ventilated,  close-meshed 
brass  gaiue  bein^  used  for  covering  the  apertures  used  foi 
ventilation. 
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864.  The  several  pipe  connections  to  a  tank  should 
be  carefully  located. 

The  overf  lo'w^  pipe  should  he  made  with  a  wide  mouth,  as 
shown  at  /?,  Fig.  222,  so  as  to  conduct  away  a  large  quan- 
tity of  water  without  requiring  much  head  to  force  it.  The 
supply  pipes  to  the  kitchen  boiler  and  to  the  cold-water 
system  are  attached  to  the  bottom  at  /^and  G.  The  end  of 
the  cold-water  supply  pipe  ^should  be  extended  at  least  three 
inches  higher  than  the  end  of  the  pipe  to  the  boiler.  This 
ensures  that  the  cold  water  will  fail  at  the  faucets  before  it 
fails  at  the  boiler,  and  that  the  boiler  shall  be  supplied  as 
long  as  the  tank  contains  any  water. 

If  the  tank  is  supplied  from  the  street  mains,  the  supply 
should  be  controlled  by  means  of  a  ball-cock  and  float  /;  if 
supplied  by  a  pump,  the  water  should  be  delivered  over  the 
side  of  the  tank  by  the  pipe  //,  the  mouth  of  which  is 
turned  downwards  to  prevent  spouting  or  splashing  over 
the  sides. 

If  the  supply  pipe  enters  through  the  bottom  of  the  tank, 
it  should  extend  above  the  desired  level  of  the  water,  and 
the  mouth  turned  downwards. 

To  give  notice  when  to  stop  pumping,  a  small  overflow 
pipe  E  is  connected  at  high-water  level,  and  its  outlet  is 
placed  at  some  visible  point  near  the  pump.  When  the  tank 
is  properly  filled,  water  will  flow  from  the  telltale,  and  thus 
indicate  the  fact  to  the  operator  at  the  pump. 

Tanks  receiving  their  water  supply  intermittently,  as 
from  pumps,  which  have  to  supply  a  residence  with  water, 
and  also  supply  water  to  a  barn  and  for  sprinkling  lawns, 
etc.,  are  usually  provided  with  two  outlet  pipes,  one  of  which 
is  connected  at  a  higher  level  than  the  other.  The  object 
of  this  arrangement  is  to  cause  the  supply  to  the  barn,  etc., 
to  fail  first,  as  the  tank  becomes  exhausted,  and  to  hold  a 
definite  quantity  of  water  in  reserve  for  the  use  of  the 
dwelling.  The  stoppage  of  the  water  supply  to  the  barn 
serves  as  a  notice  to  the  attendant  to  start  the  pump. 

If  rain-water  be  led  directly  from  the  roof  u:utters  into  a 
tank,  the  conducting  pipes  should  not  only  have  strainers  in 
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the  gutters,  but  should  also  have  a  movable  basket  strainer 
of  fine  mesh  hung  on  the  mouth  of  the  pipe,  where  it  can 
easily  be  taken  off  and  cleaned.  The  coarse  strainer  in  the 
gutter  will  keep  back  leaves  and  twigs  from  trees,  birds, 
etc.,  while  the  small  mesh  strainer  hung  on  the  tank  end 
will  catch  all  the  smaller  matter  which  would  otherwise 
accumulate  in  the  bottom  of  the  tank,  decompose,  and 
contaminate  the  water. 

All  tanks  should  have  a  ti-asliout  cock  of  large  caliber 
attached  to  the  lowest  part  of  the  bottom,  so  that  mud  and 
sediment  can  be  scrubbed  and  conveyed  through  it  to  some 
convenient  point  of  discharge;  or,  the  overflow  pipe  may 
be  taken  through  the  bottom  of  the  tank  and  continued  up 
to  two  or  three  Inches  below  the  top,  with  a  hollow  brass 
wastf  plug  and  socket  connection  at  the  bottom,  so  that  the 
standing  overflow  within  the  tank  can  be  lifted  out  of  the 
ground  socket,  and  the  tank  thus  emptied.  The  upper  end 
of  the  standing  overflow  should  have  a  funnel  mouth. 

Large  tanks  are  usually  provided  with  a  device  to  show 
the  level  of  the  water  in  them,  h  float  commonly  made  of 
wood  rests  on  the  water,  and  is  connected  by  a  wire  or  cord, 
and  guide  pulleys  to  a  small  weight  or  pointer  which  slides 
over  a  graduated  scale  which  is  located  at  some  convenient 
point  for  observation. 

PLUMBING   FIXTURES. 

SINKS. 

865>  Sinks  are  of  several  varieties;  viz.,  kitchen  sinks, 
hutlers'  pantry  sinks,  and  slop  sinks. 

They  are  made  of  wood,  cast  iron,  steel,  enameled  iron, 
brown  glazed  earthenware,  porcelain,  soapstone,  slate,  etc. 

All  sinks  should  be  provided  with  a  strainer  and  waste 
pipe.  The  waste  pipe  should  be  trapped  if  it  extends  to  a 
drain  pipe  or  cesspool;  or,  even  if  it  is  open  to  the  air  at 
the  end,  it  should  be  trapped  to  prevent  the  wind  from 
blowing  foul  odors  back  into  the  house. 

Kltcbcnitlnksshould  be  placed  where  there  is  plenty  of 
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light,  and  as  near  to  the  pantry  as  possible,  so  as  to  save 
steps  for  the  persons  using  them.  They  should  be  removed 
to  such  a  distance  from  the  range  that  the  persons  using 
them  will  not  be  subjected  to  the  heat  of  the  fire,  and  should 
be  set  near  a  window,  if  possible,  to  secure  plenty  of  light 
and  ventilation.  Sinks  should  not  be  encased  in  woodwork, 
but  left  exposed  all  around,  so  that  no  damp  places  can  be 
maintained.  Care  should  be  taken  to  avoid  leaving  any 
crevice  or  cranny  where  dirt  can  lodge  or  where  vermin  may 
breed.  If  the  sink  is  furnished  with  a  back  of  any  material, 
the  space  behind  it  should  be  thoroughly  filled  with  cement 
or  plaster  of  Paris,  or  it  may  be  left  open  for  access  to  and 
ventilation  of  the  parts. 

Kitchen  sinks  should  be  supported  by  legs,  or  placed  upon 
substantial  brackets,  at  a  height  of  about  30^  inches  above 
the  floor ;  i.  e. ,  from  the  floor  level  to  the  top  or  rim  of  the 
sink. 

866.  Wooden  slnka  are  usually  fitted  with  a  waste 
pipe  A  and  strainer  B,  as  shown  in  Fig.  258.     The  waste 

pipe  is  of  lead,  and  is 
flanged  over  and  se- 
cured with  copper 
tacks.  The  strainer  is 
made  of  sheet  copper, 
and  is  sunk  flush  with 
the  bottom  of  the  sink. 
^'^-  2^  The  connection  is  made 

water-tight  by  setting  the  flanged  end  of  the  pipe  in 
red  or  white  lead.  This  connection  can  be  strengthened  by 
wiping  a  flange  around  the  pipe  at  C,  and  fastening  it  to  the 
woodwork. 

Although  we  describe  wooden  sinks,  and  illustrate  the 
waste-pipe  connection  to  same,  still  we  do  not  recommend 
their  use,  because  the  wood  absorbs  foul  matter  which  soon 
decomposes  and  evolves  disagreeable  odors.  They  also  tend 
to  propagate  vermin. 

Wooden  sinks  may  be  lined  with  sheet  metal,  preferably 
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I  copper,  weighing  IG  to  90  ounces  per  square  foot.  The 
I  Ixrttoni  must  Ite  secured  at  several  points  by  solder  dots,  to 
I  prevent  bulging  when  heated. 

867.     Cost-Iron  ulnksare  provided  with  strainers,  and 
L  the  waste  pipe  is  attached  as  shown  in  Fig.  259.     The  lead 


f  wsiste  pipe  A  is  flanged  over  the  conical  nozzle  G  of  the  sink, 
I  and  is  held  in  place  by  the  clamp  ring  B  and  the  bolts  C. 
I  To  prevent  water  from  leaking  past  the  heads  of  the  bolts 
I  and  trickling  down  upon  the  outside  of  the  pipe,  washers  of 
I  rubber  nr  leather  are  set  up  tight  by  the  nuts  //. 

The  several  styles  and  kinds  of  kitchen  sinks  can  best  be 
^Studied  by  the  student  procuring  catalogues  from  reputable 
I  manufacturers;  consequently,  we  consider  it  unnecessary  to 
[treat  upon  that  subject  here.     Other  plumbing  fixtures,  such 

■  baths,  basins,  etc.,  can  also  be  studied  from  the  same 
I  catalogues. 

S68>  BullerM'  pantry  tilnks  are  made  of  various 
I  Khapes  and  materials.  The  most  common  are  made  of  sheet 
1  copper  tinned  <in  the  inside.  They  are  either  struck  up  from 
■  OUC  piece  of  sheet  copper  or  arc  built  of  two  or  more  pieces. 

A  copper  pantry  sink  composed  of  one  piece  of  sheet 
■copper  is  shown  at  n  in  Fig.  2(i0.  It  is  oval  in  plan  and 
psemi-oval  in  section.  It  is  supported  by  a  flange  d,  which 
[  is  nailed  down  to  the  Imard  c  before  the  hardwood  lop  d  is 
I  bedded  down  imd  secured  in  position. 
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This  form  of  pantry  sink  is  always  provided  with  an  over- 
flow horn,  as  shown  at  r,  and  a  plug  and  socket  waste  con« 


Pig.  300. 

nection  in  the  center  of  the  bottom,  as  at  f.     This  is  known 
as  an  ov^al  pantry  sink. 

869.  Flat-bottomed  copper  pantry  sinks  are  built 
from  flat  pieces  of  tinned  sheet  copper.  Their  seams  are 
locked  and  sweated  with  soft  solder.  Their  bottoms  are  flat 
and  the  sides  are  usually  slightly  rounded  at  the  corners. 
They  are  also  furnished  with  a  flange  a  around  the  top,  as 
in  Fig.  2G1,  nailed  to  a  wooden  frame  ^,  which  prevents  the 


Fig.  261. 

flat  sides  from  bulging.  The  hardwood  top  c  is  bedded  on 
the  frame  b  with  red  or  white  lead  putty  and  secured  with 
brass  screws.  The  bottom  of  this  sink  should  be  supported 
by  a  shelf  ^/,  which  is  **  scooped  out"  in  the  center,  as 
shown,  so  that  the  bottom  may  be  perfectly  drained. 
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870.  Porcelain  pantry  sinks  are  commonly  made 
with  a  recess  A  in  the  back,  which  affords  room  for  a  stand- 
ing overflow  B^  Fig.  2G2.     This  overflow  tube  is  removable 


» 


Fig.  2«2. 

from  the  socket,  and  serves  as  a  plug  which  can  be  pulled 
up  to  let  the  water  out. 

These  sinks  are  usually  fitted  with  a  marble  slab  D  and 
marble  splash  or  wall  plates  /:.  A  dish  drainer  /%  made  of 
wooden  slats  or  of  rubber,  is  used  to  protect  crystal  or  china 
dishes  from  contact  with  the  slab,  and  thus  prevent  their 
being  broken.  The  waste  connection  is  similar  to  that  of  a 
wash-basin. 

871.  Slop  sinks  differ  from  kitchen  sinks  chiefly  in 
dimensions;  being  smaller  in  length  and  width,  but  of 
greater  depth.  They  are  usually  set  so  that  their  rims  are 
about  20  inches  above  the  floor. 

Slop  sinks  which  receive  chamber  slops  and  sewage  matter 
are  provided  with  flushing  rims  and  flush  tanks,  and  are 
cleansed  in  a  manner  similar  to  washout  closets.  They  are 
constructed  with  large  traps,  and  are  connected  to  the  drain 
pipes  in  a  manner  similar  to  the  connections  of  water-closets. 
They  are  often  supplied  with  hot  and  cold  water  faucets, 
similar  to  those  used  for  sinks,  and  thus  do  service  as  **  house- 
maids* "  or  **  chambermaids' sinks. "  They  are  usually  set 
in  a  well-lighted  and  well-ventilated  closet,  or  other  small 
apartment,  convenient  to  the  bedrooms. 
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872.     A  slop  hopper  sink  is  shown  at  A  in  Fig.  263. 
It  is  provided  with  a  strainer  B^  which  can  be  removed  to 

clean  the  trap  C  below.  It  is  sup- 
ported directly  upon  C,  which  is  a 
4-inch  trap.  The  outlet  end  D  of 
the  trap  is  flanged  so  that  it  may 
be  attached  to  a  lead  waste  pipe. 
The  trap  may  be  had  without  the 
flange,  when  it  is  to  be  calked  into 
the  socket  of  an  iron  pipe. 

A  2-inch  back-vent   connection 
is  made  to  the  trap  at  £, 


Fig.  263. 


873*  Wood  2ls  a  material  for  sinks  has  some  advan- 
tages and  many  disadvantages.  Dishes  are  less  liable  to 
break  or  chip  by  coming  in  contact  with  it  than  with  a  metal 
or  porcelain  sink.  But  it  absorbs  greasy  liquids  and  becomes 
foul,  emitting  unhealthy  odors.  It  fosters  vermin,  and 
becomes  leaky  from  unequal  shrinkage.  If  it  is  lined  with 
sheet  metal,  the  inner  side  of  the  woodwork  has  no  chance 
to  dry  out,  and  it  soon  rots.  If  ventilating  holes  be  made 
in  the  wooden  bottom,  they  soon  become  infested  with 
vermin. 

874^  The  cast-iron  stnks^  plain  or  galvanized,  seem  to 
answer  all  requirements.  To  save  the  dishes  from  damage, 
the  bottom  of  the  sink  may  be  covered  by  a  grating 
of  wood  or  rubber,  which  can  be  readily  removed  and 
cleaned.  Other  sinks  may  also  be  fitted  with  the  same 
device. 

875.  Enameled  iron  is  a  very  clean  and  desirable  ma- 
terial for  sinks  while  it  is  in  perfect  condition.  But  the 
enamel  will  crack  under  the  action  of  hot  water  or  heavy 
blows,  and  thus  admit  moisture  to  the  iron  beneath,  which 
will  oxidize  and  detach  the  enamel,  causing  it  to  come  off 
in  flakes. 

87 1>.  Steel  sinks  are  light  and  cheap,  but  are  not  durable. 
They  rust  very  rapidly.      If  they  are  enameled,  the  enamel 
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V«n  the  bottom  is  soon  cracked  by  the  bending  of  the  metal, 
■caused  by  the  weight  of  dishes,  etc.,  in  it,  and  it  is  soon 
■^Miled,  as  before  explained. 

S77.  Eariliemvare  or  brvivn  glazed  sinks  arc  about  \\ 
I'lnches  thick,  and  are  usually  glazed  both  outside  and  in. 
■!They  are  quite  heavy,  and  require  an  iron  or  other  strong 
Iframe  with  legs  to  properly  support  Ihem. 

The  chief  merits  of  glazed  earthenware  or  porcelain  sinks 
ire:  (1)  they  are  easily  kept  dean  and  free  from  smell;  ("i) 
they  are  practically  imperishable. 


\^'.A^SH -BASINS. 

878.  Wash-basins  are  in  shape  either  round  or  oval. 
The  oval  basin  affords  more  space  for  the  free  use  of  the 
arms  than  a  round  one  of  the  same  capacity,  and  is,  there- 
fore, preferred. 

Basins  are  measured  over  the  outside  of  the  top  flange. 
Rouad  basins  vary  in  diameter  from  13  to  Iii  inches. 
Oval  basins  are  usually  made  in  threesizes,  17  X  14,  19X  15, 
and  21  X  IG.  The  word  "bowl"  is  now  often  used  instead 
if  basin.  It  refers  only  to  that  part  of  the  fixture  which 
[holds  the  water. 

5  are  made  of  iron,  galvanized  or  enameled,  and  also 
<if  porcelain.  The  porcelain  basins  are  made  in  plain  white 
'Color,  or  ihey  are  decorated  to  any  degree  of  eleganre  that 
Way  be  desired.  Wash-basin 
1  the  most  common  va- 
,  the  bowl  is  sepa- 
{rate  from  the  slab,  or  top, 
Ad  the  splush  plalc.  or 
is  also  separale 
|(rom  the  slab. 

In  other  varieties,  the 
iowl,  top,  and  back  are  m 


Bowls  are  made  with  and  without  overflov 
lows  are  of   several  varieties.      In    Fig.   ' 


s,  and  the  over- 
(il  is  shown  a 


4:82 


PLUMBING   AND    DRAINAGE. 


Gommon  round  bowl  wltb  overf  lo'w  horn  attached. 
The  overflow  consists  of  a  strainer  A  and  a  nozzle,  or  horn, 
B,  to  which  a  waste  pipe  is  attached  by  a  cemented  slip 
joint,  or  by  a  rubber  cone  connection.  The  latter  is  prefer- 
able. 

This  form  of  a  bowl  necessitates  the  use  of  a  separate  over- 
flow pipe  to  cc)nnect  the  horn  to  the  waste  pipe.  Inallsuch 
r  connections  tlie  over- 
flow connection  must  be 
made  to  the  waste  pipe  on 
the  house  side  of  the  basin 
trap,  or  to  the  trap  itself 
and  under  the  water. 

879.     In  Fig.   -205  is 

shown    a    bowl    and 

overflow      combined. 

Fio.  as.  The    overflow     duct     a, 

which  is  molded  on  the  basin,  leads  into  the  waste  outlet  h 

through  holes  c  in  the  connection  under  the  rubber  plug  ti. 


880.     In  Fig.  SGC  is  shown  a  basin  with  a  standlnff 
overflow    insiifc  a  recess  a  constructed  in  the  porcelain 
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The  standing  overflow  b  also  forms  a  waste  plug, 
ind  is  perforated  at  its  base,  as  shown,  to  form  a  strainer, 
irhich  can  be  easily  cleaned  by  lifting  out  the  entire  waste 
Epiug  and  overflow  arrangement.  The  top  of  b  slides  in  a 
Bguidc  which  is  secured  to  the  marble  top  r  by  a  lockout  d. 
EThe  standing  waste  is  suspended  by  a  bayonet  catch,  as 
(shown  at  e. 

SSI.     A  stand-pipe  wante   und   n\-itrfya'>\  lOtiil'uiirif 
8  shown  in  Fig.  2(J7.     The  bowl  c  is  made  plain  without  even 


f»  stopper,  and  has  a  strainer  only.      The  stopper  and  stand- 

\ag  overflow  arc  contained  in  the  stand-pipe  a.     The  surplus 

ftv^lt^r   escapes  through  the  holes  6.      This  construction   is 

aplained  in  Art.  HHH. 

Bowls  are  also  made  with  ^^/iA/wf  rims,  and  the  faucets 

E  placed  below  the  top,  having  only  the  handles  in  sight. 

lie  rim  of  the  bowl  is  thus  freed  from  all  obstructions,  and 

be  hands  of  the  bather  can  not  be  injured  by  the  nozzles  of 

be  faucets. 
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Wash-basins  arc  supported  upon  substantial  wall  brackets 
>r  upon  metal  frames  or  pedestals.  They  should  never  1 
cased  in  with  cabinq 
work,  because  sudj 
enclosures  can  not  t 
kept  clean,  and  a 
tnin  will  find  lod|| 
ment  in  the  creviot 
of  the  woodwork. 


H82. 


In   situ4 
I'lierc      spa< 


1  fiiidi! 


til  thuutiuost, ; 
InK  «\-iiHli-(iiand  G 

basin    may 
ployed.      The    boJ 
of  such  an  apparata 
is  hung  upon  hingi 
and  when  nut  in  u^ 
may    be    turned 
into  a  pocket  in   th| 
wall,   as     show 
Fig.  208.    Two 


883.  Bowls  are  attached  to 
marble  or  slate  top  slabs  by 
means  of  basin  clamps  E,  as 
shown  in  Fig.  ioy,  three  clamps 
being  used  for  a  round  bowl 
and  four  for  an  oval  bowl.     The  bolts  are  attached  to  t 
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slab  by  means  of  lead  calking.  The  rim  of  the  bowl  is 
bedded  against  the  slab  with  plaster  of  Paris,  as  at  G,  to 
make  a  water-tight  joint. 

The  proper  height  of  top  of  slab  B  from  the  floor  varies 
from  30  to  31^  inches,  the  former  being  generally  satis- 
factory. 

The  sinb,  or  top,  should  have  a  raised  rim  around  its 
entire  perimeter,  as  at  C,  so  that  splashes  of  water  will 
drain  back  into  the  bowl.  The  holes  for  basin  cocks  and 
other  attachments  shonld  also  be  surrounded  by  raised  j 
rims,  for  the  same  purpose.  The  holes  for  ordinary  basin 
cocks  should  be  made  square  to  receive  the  square  shank  of 
the  cock,  and  thus  prevent  it  from  turning, 

884.  The  husin  cocka  should  be  attached  as  shown 
in  Pig.  270,  a  lead  washer  a  being  used  betwet-n  the  mar- 
ble slab  and  the  nut  b.  The 
cbnln  stay  should  be  fast- 
ened in  the  same  manner. 
The  cocks  and  chain  siny 
should  be  set  in  plaster  of 
Paris. 

The  connection  between 
the  waste  pipe  and  the  dis- 
charge outlet  of  the  basin  is 
commonly  made  by  means 
nf  a  plug  and  socket  having 
a  screw  coupling,  as  shown 
in  Pig.  205.  Grcai  .an 
must  be  exercised  in  screw- 
ing up  this  joint  because  the  bowl  is  very  liable  to  crack  or 
break  at  this  point.  A  thick  gasket  of  soft  rubber  should 
be  used  between  the  locknut  <■  and  the  porcelain. 

H85.  A  cheap  connection  can  be  made  by  means  of  a 
short  rulthMr  slucv«  H,  Fig.  271,  which  is  lied  or  wired  to 
both  basin  and  pipe.  This  allows  the  fixtures  to  settle  and 
shift  without  danger  of  rupture. 

This  method  of  making  basin  connections  is  not  to  be 
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recommended  for  good  work,  because  the  rubber  soon  de- 
cays, becomes  brittle,  and 
breaks  away. 

The  seat,  or  socket,  a  to 
receive  the  plug,  when  mold- 
ed in  the  porcelain,  is  al- 
ways more  or  less  imperfect ; 
consequently,  a  sf/t  rubber 
plug  is  used. 

The  space  between  the 
splash  plates  and  the  wall 
should  be  completely  filled 

with  plaster  of  Paris,  so  that  no  crevice  or  hole  is  left  for 

vermin. 


BATH-TUBS. 

886.  The  sloping  end  of  a  bath-tub  is  called  the 
bead,  and  the  vertical  end  is  the  foot.  They  are  made  in 
three  general  styles,  the  ordinary,  French,  and  Rowan,  the 
difference  being  in  the  shape. 

The  ordinary  style  has  a  round  bottom,  with  sloping 
head  and  vertical  foot. 

The  French  style  has  a  flat  bottom  and  flat  parallel 
sides,  with  rounded  corners.  The  head  slopes  and  the 
foot  is  vertical. 

The  Koman  style  is  rectangular,  the  sides,  bottom,  and 
ends  being  flat,  with  round  corners.  Both  ends  and  sides 
are  nearly  vertical. 

The  ordinary  style  requires  the  least  water,  but  the  bot- 
tom being  semicircular  in  form,  is  of  inconvenient  shape  to 
stand  upon. 

The  French  tub  affords  more  room  for  the  bather,  but 
requires  more  water.  If  they  are  lined  with  sheet  metal, 
the  linings  must  be  well  securer!  to  the  sides  and  bottom 
to  prevent  them  from  bulging  when  heated  by  the  warm 
water. 

The  Roman  bath  gives  most  room  for  the  bather.  It 
is  designed    chiefly    to    overcome    the    unbalanced  appear- 
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ance  which  ihe  other  forms  present  when  fitted  up  else- 
where than  in  a  corner.  In  this  style  the  faucets  are 
nearly  always  located  outside  the  tub,  and  the  hot  and 
cold  water  enters  through  a  single  opening.  The  interior 
spiacc  is  thus  clear  from  ail  obstructions  or  projections 
upon  which  the  liather  might  be  injured. 

The  cheapest  grade  of  baths  are  those  made  of  wood 
anii  lined  with  zinc  or  tinned  copper.  Such  baths  are 
encased  with  wood  6nishings  and  have  a  special  top  made 
to  fit  the  bath  and  the  position  in  which  it  is  placed. 

Open  copper-lined  and  aluminum-lined  baths  are  clad 
by  a  steel  or  indurated  filicr  casing,  supported  ou  four  cast- 
iron  feet,  and  have  the  top  rim  3  or  4  inches  wide  all 
around,  attached  m  the  bath. 

A  sheet  of  non-conducting  material,  such  as  asbestos,  is 
placed  between  the  lining  and  metallic  casing.  The  tin 
coaling  soon  wears  off,  and  exposes  the  copper.  A  harder 
and  mure  durable  coating  is  secured  by  nicliel-plating. 

Bath-tubs  are  also  made  of  cast  iron,  and  arc  used 
with  or  without  protective  coatings.  The  best  grade  o( 
iron  tubs  are  coated  with  porcelain  enamel. 


The  hncst  grade  of  bath-tubs  are  made  of  porcelain,  or 
of  a  fine  fireclay  body  with  a  heavy  porcelain  enamel. 
Tb«y  arc   finished  white,   or  are  decorated  to  any  degree 
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desired.  Iron  and  porcelain  tubs  are  usually  supported 
by  detachable  feet,  and  are  usually  set  upon  marble  safes. 

The  waste  pipe  is  always  connected  to  the  bottom  of 
the  tub,  and  should  be  provided  with  a  strainer  to  prevent 
the  passage  of  soap,  rags,  etc.,  into  the  trap.  The  mode  of 
connecting  the  waste  pipe  to  a  common  copper-lined  bath 
is  shown  in  Fig.  272.  The  wooden  bottom-^  is coun/ersunk, 
and  the  copper  lining  B  is  also  countersunk  to  suit.  The 
waste  pipe  T,  which  should  be  not  less  than  1^  inches,  inside 
diameter,  is  flanged  over,  as  shown.  The  brass  socket  D  is 
provided  with  cross-bars  £  which  serve  as  a  strainer,  and  is 
ground  to  a  water-tight  fit  with  the  plug  F.  The  space  //" 
is  filled  with  solder,  flush  with  the  lining. 

All  tubs  should  be  provided  with  an  overflow  pipe,  having 
a  perforated  plate  or  strainer  over  its  mouth  to  keep  out 


Fig.  278. 


soap,  etc.  A  common  form  of  copper-lined  wooden  tub  is 
shown  in  Fig  273. 

The  bath  empties  through  the  IJ^-inch  waste  pipe  a,  through 
the  1^-inch  half  S  trap  ^,  into  the  drainage  system.  A 
1  |-inch  lead  overflow  pipe  c  connects  the  copper  overflow  pipe 
horn  {/  to  the  trap.  A  f -inch  or  J-inch  lead  pipe  e  supplies 
the  hath  with  water  through  the  bath  cock/* 

887.     Standing    overflew    and    \?v'aste    pipes    are 

frequently  used,  as  shown  in  Fig.  274.  The  overflowing 
water  passes  over  the  top  of  the  standing  tube  a^  and  when 
the  tub  is  to  be  emptied,  the  tube  is  pulled  upwards,  thus  un- 
covering the  perforations  at  the  bottom  of  the  inner  tube  c. 
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shown  by  dotted  lines  may  be'used     This  i  implm^  conm-cts 
with  the  bath  trap,  which  is  m.t  shown  here. 

HUH,  A  stand-pipe  comhl nation  of  wnstu  and 
overfloiv  is  shown  in  Fig.  275.  The  tube  «  is  provided 
with  a  rubber  ring  i  which  shuts  down  water-tight  upon  the 
scat  c.  The  water  rises  between  the  tubes  n  and  </  to  the 
!iame  height  that  it  does  in  the  bath,  until  it  reaches  the 
perforations  c;  it  overflows  through  these  and  passes  down 
the  interior  of  tj  to  the  waste  pipe.  The  inner  tube  is  pro- 
vided with  a  handle  F  having  a  suitable  slot  and  catch,  com- 
monly known  as  a  bayonet  catcb,  by  which  It  can  be  lifted 
and  suspended,  as  shown. 
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These  combined  waste  and  overflow  devices  ai 
allkinds  of  bath-tubs,  whether  of  wood,  metal, 


adapted  to 
porcelain. 


889.  The  hot  and  cold  water  may  enter  the  bath  through 
separate  faucets.  They  are,  however,  generally  delivered 
to  the  bath  through  a  single  batli  cock  composed  of  the 
hot  and  the  cold  shut-off  valves  joined  together  into  one  dis- 
cliafRe  nozzle.  Such  a  fixture  is  usually  nickel-plated.  It 
is  known  as  a  combination  bath  cock.  The  valves  of  the  cock 
may  be  inside  or  outside  the  bath.  Ground  key  cocks  are 
seldom  used  as  bath  cocks.  "Fuller"  an<l  compression 
valves  arc  mostly  used. 

The  faucets  which  arc  used  to  control  the  water  supply 
are  of  both  kinds;  y\w^  cocks  are  used  only  on  very  low- 
pressure  work.      Compression  cocks  are  mostly  used.      The 
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hot  and  cold  water  faucets  are  commonly  made  in  one  piece, 
with  a  single  discharge  nozzle. 

In  the  best  grade  of  fittings,  angle  valves  with  brass  screw- 
joint  connections  are  employed,  and  they  are  arranged  to 
deliver  water  into  the  tub  through  the  same  nozzle.  All  the 
valves  and  pipes  arc  thus  located  outside  of  the  tub,  and  the 
whole  interior  space  is  free  of  obstructions. 

It  is  quite  common  practice  to  arrange  the  bath  cocks  so 
that  they  wilt  supply  the  hath  from  points  near  the  bottom, 
as  shown  in  Figs.  375  and  3T(i.  This  method  certainly  is 
less  noisy  than  th;it  in  which  the  nozzles  are  always  above 
the  water  in  the  bath,  but  it  nevertheless  has  a  disadvantage 
which  should  prohibit  its  general  use.  For  instance,  sup- 
pose the  bath  to  be  full  of  foul  water  and  soap,  etc. ;  a  heavy 
draft  is  then  made  on  the  main  by  somebody  opening  faucets 
at  lower  levels.  The  bath  water  will  immediately  be 
"sucked,"  as  it  were,  up  through  the  combination  cock  (if 
it  is  open)  and  then  be  siphoned  down  through  the  supply 
pipes,  thus  contaminating  them. 

Sometimes  the  hot  and  cold  water  faucets  are  connected 
to  deliver  into  the  outer  shell  of  the  standing  waste,  so  as  to 
supply  the  tub  through  the  waste-pipe  strainer.     This  is  a 

«_9. 

Hi  pi! 


^i  ii-    1-^' 
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bad  plan,  because  when  the  tub  is  emptied  the  water  passes 
out  first  and  all  soap  or  refuse  goes  last.  This  tends  to 
lodge  in  the  waste  pipe,  and  it  will  be  washed  back  into  the 
tub  if  the  fresh  water  is  introduced  in  that  way. 
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890>  Fig.  27C  shows  the  arrangement  of  the  connec- 
tions to  a  porcelain  Roman  batta  A.  The  standing 
waste  B  and  the  supply  faucets  C  and  //are  placed  at  the 
side  of  the  tub,  between  it  and  the  wall.  The  mingled  hot 
and  cold  water  enters  through  the  single  nozzley  which  is 
usually  made  in  the  form  of  a  "shell,"  as  shown  at  y  in  the 
section  to  the  left  of  the  figure.  (7  is  the  hot-water  fau- 
cet, D  is  the  hot-water  circulation  pipe,  J--  the  waste  pipe, 
G  the  trap,  f  the  trap  vent,  and  //  the  cold-water  fau- 
cet. The  standing  waste  B  is  shown  in  section  at  (/  in 
Fig.  275. 


?^;j 


89]*     Metal  and  porcelain  tubs  are  made  with  two  styles 

of  rim,  called  plain  or  roll,  as  in  Fig.  277,     The  plain  rim 

a  needs  a  wooden  top 

^'t^      i      f  or  rail  b  to  cover  the 

'  '    '^     \  square     edges     and 

protect    the    bather, 

and   to   improve  the 

appearance.        The 

wooden  top   may  be 

secured  to  the  rim  of 

an  iron  tubby  clamps 

c,    as   shown.      The 

'^^'^■^^-  roll  rim  ^  requires 

no  other  finish,  and  is  free  from  decay  or  vermin. 

Bath-tubs  which  are  to  be  cased  in  are  usually  set  on  a 
copper  or  lead  safe.  Those  which  are  to  be  left  open  are 
generally  set  upon  marble  safes  or  upon  a  floor  of  some  im- 
pervious material.  Marble  safes  are  usually  dished  nut  to  a 
depth  of  1  or  f  of  an  inch,  and  have  a  brass  strainer  connec- 
tion to  a  waste  pipe.  They  should  always  be  set  on  a  small 
inclination,  so  that  the  water  will  drain  properly  towards 
the  waste  strainer. 

The  sizes  of  copper  bath-tubs  range  from  4^  to  (i  feet  long, 
24  to  2G  inches  wide,  and  tf.)  to  S'J  inches  deep.  Iron  bath- 
tubs are  usually  about  \'.\  inches  deep.  Porcelain  baths  are 
wider,  being  usually  30  inches  at  the  head  and  2-1  inches  at 
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the  foot,  and  are  about  2a  inches  deep.     They  are  quite 
heavy,  a  tub  6^  feet  long  weighing  about  GOO  pounds. 

802.  8lt»,  or  scat  buths  (see  Pig.  37«)  are  of  smaller 
dimension's  than  the  plunge  biths  previously  described, 
being  from  i4  inches  t  i7  lULhes  1  ng  23  inches  wide,  and 
12  inches  1 1  17  inches  high  ^t  the  front  edge,  when  set  up. 
The  back  is  usually  li  inches  or  more,  higher  than  the  front. 


The  sitz  bath  is  fitted  up  with  hot  and  cold  water  and 
^waste  connections  in  a  manner  similar  to  those  already 
ihown  and  described  for  plunge  baths.  The  hot  and  cold 
irater  valves  and  the  stand-pipe  are  rigidly  secured  to  the  side 
[  the  bath  by  a  brace  a.  The  hot  and  cold  water  mixes 
knd  enters  near  the  bottom  by  the  tube  i, 

803.  Foot  liaths  are  of  about  the  same  dimensions  as 
teat  baths;  sonic,  however,  are  only  17'  X  19'  and  10'  deep. 
t  and  foot  baths  are  constructed  of  the  same  materials, 
i  are  connected  to  the  waste  pipes  in  the  same  way,  and 
B  provided  with  the  same  fittings  as  the  full  size  baths, 

t4.     8hiiw«sr  Bath. — The  apparatus  for  a  i»h»«rer 

t  consists  mainly  of  a  large  sprinkler,  which  delivers 
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the  water  downwards  in  fine  streams  like  a  shower  of 
rain.  The  sprinkler,  which  forms  an  attachment  to  the 
bath,  should  be  set  at  a  height  of  6^^  to  7  feet  above  the 
bottom. 

The  chief  objection  to  plunge  baths  is  that  skin  diseases 
are  liable  to  be  transmitted  from  one  bather  to  another, 
unless  the  bath  is  thoroughly  scrubbed  after  each  bather 
has  used  it.  For  this  reason  plunge  baths  are  objectionable 
for  public  use ;  they  are,  however,  considered  quite  safe  for 
family  use. 

Hospitals,  asylums,  etc.,  must  be  provided  with  a  large 
number  of  baths  to  accommodate  the  patients,  and  as  each 
plunge  bath  occupies  a  large  area  (about  12  square  feet)  it 
is  often  found  that  sufficient  space  can  not  well  be  obtained 
for  the  desired  number  of  baths.  In  such  cases,  spray,  or 
shower  baths,  or  a  combination  of  both,  are  often  used. 
Such  baths  are  composed  of  a  sprinkler  or  shower  nozzle 
attached  to  the  end  of  the  water-supply  pipe,  at  a  point  about 
7  or  8  feet  above  the  floor,  which  is  made  water-proof  and 
furnished  with  safe  strainers  at  suitable  points.  The  chief 
merit  of  the  shower,  or  rain  bath,  as  it  is  sometimes  called, 
is  that  excretions  or  scales  from  one  bather's  skin  can  not 
possibly  come  in  contact  with  another  bather.  The  shower 
bath  apparatus  is  so  arranged  that  hot  or  cold  water  can  be 
obtained  as  desired  by  regulating  the  discharge  of  hot  and 
cold  water  cocks,  or  if  steam  is  the  heating  agent,  by  regu- 
lating the  volume  of  steam  discharged  into  the  cold  water 
as  it  flows  through  the  feed  tube  to  the  nozzle. 

The  best  method  of  heating  the  water  by  steam  is  to  place 
a  copper  or  brass  tube  inside  the  cold-water  feed-pipe,  admit 
steam  into  the  top,  and  have  a  drip-pipe  from  its  base  to 
carry  off  the  water  of  condensation.  The  cold  water 
becomes  heated  as  it  flows  around  the  steam  tube  towards 
the  nozzle.  A  graduated  disk,  representing  the  resulting 
temperatures  when  the  valves  are  opened,  should  be 
attached  to  the  steam  valve  so  that  the  handle  can  be 
turned  just  enough  to  admit  sufficient  steam  to  give  the 
desired  temperature  to  the  water.     As  a  safeguard,  how- 
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ever,  a  therinoraeter  should  he  attached  to  the  water  pipe 
before  it  reaches  the  iiozkIc. 

In  a  tub  or  plunge  bath  the  water  is  cleanest  when  bath- 
ing U  commenced,  and  at  the  period  when  clean  water  is 
most  required,  that  is,  at  the  finish  uf  the  b;ith,  the  water 
is  most  foul.  In  a  rain  bath,  however,  the  water  Is  clean  at 
all  times,  because  It  is  continually  changing  and  nime  of  the 
water  comes  in  contact  with  the  person  more  than  once, 

Needle  and  npruy  hullis  consist  of  a  frame  of  perforated 
pipes,  which  partially  surrounds  the  bather.  The  water  is 
projected  horizontally  in  fine  streams  or  spray  upon  all  parts 
of  the  body  above  the  knees. 

895.  The  douche  is  designed  to  project  a  stream  of 
water  upwards  from  the  floor,  either  in  a  solid  jet  or  in  a 
spray.  The  jet  is  often  attached  to  the  strainer,  which  is 
set  in  the  middle  of  the  safe.  All  three  varieties  are  often 
combined  with  the  shower  baths. 

All  jet  or  spray  baths  are  provided  with  suitable  hot  and 
coW  water  pipes,  which  deliver  the  water  into  a  mixing  pipe 
before  it  leaves  the  jet.  The  mixing  pipe  should  be  pro- 
vided with  a  thermometer,  so  that  the  temperature  may  be 
regulated  before  the  bather  exposes  himself  to  the  water. 
The  thermometer  must  be  so  enclosed  that  its  bulb  tir 
mercury  chamber  is  in  actual  contact  with  the  water,  other- 
wise the  indications  will  be  very  unreliable. 

If  the  entire  bath-room  floor  is  not  water-tight,  a  rubber- 
cloth  curtain  should  be  hung  by  rings  from  a  suitable  rod 
overhead,  so  that  it  can  be  drawn  together  and  be  made  to 
enclose  the  whole  apparatus.  This  will  prevent  the  water 
from  falling  outside  of  the  safe  in  which  the  apparatus  is 
located.     Tlic  curtain  should  be  open  at  the  top. 

Jet  and  spray  baths  are  frequently  set  up  within  a  stall 
or  alcove,  which  is  lined  with  marble  slabs,  nr  other  imper- 
vious sheathing.  They  are  also  combined  with  bath-tubs 
usually  of  the  Roman  or  French  style. 

The  floor  room  required  for  a  shower  or  spray  bath  is 
usually  from  3)  to  4  feet  stpiare. 
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Many  good  spray,  shower,  and  douche  combinations  can 
be  seen  illustrated  in  the  catalogues  of  any  reputable  manu- 
facturer or  plumbers'  supply  house. 

896.  Bidets  consist  of  a  pan  having  a  seat  like  a  water- 
closet  and  a  jet  of  water  which  is  projected  upwards,  as 
shown  in  Fig.  379. 
The  pans  are  made. 
of  porcelain  or  of 
copper,  and  are  also 
made  in  one  piece 
with  the  support,  as 
shown  in  the  cut. 
They  are  usually 
fitted  with  hot  and 
cold  water  connec- 
tions and  with  a  mix- 
ing pipe  which  should 
have  a  thermometer 
attached,  to  indicate  the  temperature  of  the  water.  Some- 
times the  pans  are  fitted  with  a  standing  overflow  and  waste 
plug,  by  which  water  may  be  retained  in  the  pan. 


Jn  Fig.   27!*  the  bowl   or   pan  a  is   fitted  with   an  open 
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waste  connection  b,  through  which  projects  a  small  jet 
noEzle  IT.  The  force  of  the  jel  of  water  ejected  from  c'ls 
governed  by  the  valve  d. 

To  have  the  use  of  a  bidet  jet  without  a  special  bidet 
bowl,  as  in  Fig.  379,  a  bidet  cock  can  he  attached  to  an 
ordinary  water-closet  seat.  Fig.  2au,  by  means  of  a  clamp 
b,  secured  to  its  under  side.  The  ground  cock  c  to  which 
ihc  jet  arm  (/  is  attached  works  on  a  swivel  in  such  a 
manner  that  when  the  handle  c  lies  in  the  cup,  and  the 
jet  arity  d  consequently  raised  to  a  horizontal  position  at 
the  back  of  the  closet  bowl  g,  as  shown  by  doited  lines,  the 
witter  will  be  shut  off  and  d  will  be  concealed  under 
the  seat.  These  attachments  are  usually  supplied  with 
cold  water  only.  A  small  drip-pipe  coupling  h  is  usually 
connected  to  a  ^-inch  waste  tube  to  carry  off  any  drip- 
pings from  c.  ^^_^ 

LAUNDRY  TUBS. 

8i)7.  Wash-tubs  are  made  of  many  materials.  The 
cheapest  varieties  are  made  of  wof)d,  the  ends  and  parti- 
tions being  rabbeted  into  the  sides  and  bottom.  The 
joints  should  be  well  painted  with  white  lead,  and  should  be 
drawn  tight  by  means  of  iron  bolts.  Repealed  drying  and 
wetting  soon  spoils  the  joints  and  rots  the  wood.  When 
they  become  leaky  past  repairing,  they  may  be  lined  with 
tinned  copper,  galvanized  iron,  or  zinc. 

Iron  tubt»,  either  galvanized  or  porcelain  enameled,  are 
cleanly,  durable,  and  generally  satisfactory. 

The  only  drawback  to  enameled  tubs  is  that  the  enamel 
will  eventually  crack  and  peel  off.  The  corners  are  all 
rounded,  and  no  crevices  exist  in  which  dirt  may  accumu- 
late or  which  will  harbor  vermin. 

When  the  enamel  is  i)eelcd  off  and  the  iron  body  is  conse- 
quently exposed,  the  rust  formed  by  the  iron  discolors  the 
.water  and  spoils  it  for  washing  purposes. 

Porcelain  tubs,  or  the  brotwo  tclaxed  eartbenwrare 
tubH,  are  very  heavy,  and  require  a  substantial  iron  frame 
to  support  them.     They  arc  very  durable  and   are   easily 
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kept   clean.      The 
corners   are   all 
rounded  off  to  pre- 
L_      vent  a  c  c  u  m  u  1  a- 
•-"      tions  of  dirt.      If 
finished  flat  on  top 
they    are    usually 
supplied  with  wood 
rims  of  ash  to  pro- 
tect   their  *edges. 
The    rims    should 
be  set  in  red  lead 
putty  before  being 
_,      bolted  down  tight. 
_,  Porcelain  tubs 

of  the  finest  grades 
are  usually  fin- 
ished on  top  with 
^S  a  ro//  ritii,  which 
S  requires  no  wood 
rims. 

Tubs  are  also 
made  of  soap- 
stone  or  slate 
slabs,  which  are 
joined  by  red  lead 
cement  and  are 
held  together  by 
rods  and  iron 
frames.  Inferior 
soapstone  will 
crack  if  subjected 
to  hot  water.  They 
are  liable  to  accu- 
mulate grease  and 
dirt    in    the   sharp 

carefully  cleaned. 
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Cement  tuba  nre  often  used  on  the  cheapest  work,  and 
I  have   been  found   to  serve   the   purpose   well    when   made 
from  the  best  Portland  cement. 


898.  In  Pig.  381  is  shown  a  set  of  two  porcelain,  or 
glazed  earthenware,  wash-tubs  A.  They  arc  set  upon  two 
cast-iron  stands  S.  An  ash  frame  C  Is  bolted  to  a  hard 
wood  strip  D  by  long  bolts  £.  Branches  are  taken  from 
the  hot  and  cold  lead  water  pipes  F,  F^  to  supply  the  tub 
<  cocks  G. 

The  waste  water  from  the  tubs  passes  through  a  lead  S 
trap // connected  as  shown.  The  trap  is  protected  ag:iinst 
siphonage  by  a  IJ-inch  lead  back-vent  pipe  /.  One  of  the 
tubs  has  part  of  its  inner  surface  corrugated  as  aty.  This 
is  often  used  as  a  scrub  board. 

Laundry  tubs  arc  sometimes  fitted  with  wonden  covers 
which  are  hinged  at  the  back.  When  these  are  used,  the 
faucets  must  be  placed  xvttltin  the  tubs,  the  connections 
being  made  through  holes  in  the  back. 

This  arrangement   is  objectionable,  because  the  faucets 

I   occupy  too  much  of  the   interior  space  of  the  tubs.     The 

fabrics  will  catch  and  tear  on  the  nozzles  of  the  faucets, 

I   and  the  laundress  is  likely  to  bruise  her  hands  upon  them. 

Tubs  vary  in  length  from  S'i  to  30  inches,  and  in  depth 

from    14  to  Iti  inches.     They  are  usually  22  to  24  inches 

wide  at  the  top,  and  taper  upwards  on  the  front  side  to  15 

I  inches  or  more  at  the  bottom.     They  are  generally  set  up  in 

I  groups  of  three.     The  rim  of  the  tubs  should  be  set  about  32 

I  inches  above  the  floor. 

Bach  tub  should  be  fitted  with  an  outlet  plug  and  strainer, 
I  but  an  overflow  connection  is  not  strictly  necessary.      In 
fact,  the  best  tubs  on  the  market  are  not  fitted  with  ovcr- 
I  Bows, 

It  is  necessary  only  to  have  overflows  on  tubs  which  arc 
I  set  over  apartments— such,  for  example,  as  on  the  several 
)  floors  of  apartment  houses  or  fl:its.  These  may  all  be  con- 
I  nectcd  to  one  waste  pipe.  One  2-inch  trap  is  suflUcient  for 
I  the  rhrcc  tubs.     Each  tub  should  have  its  own  hot  and  cold 
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water  faucets.     The  faucets  should,  if  practicable,  be  placed 
above  the  tubs,  as  in  Fig.  281. 

In  fitting  up  a  set  of  tubs,  provision  should  be  made  for 
attaching  a  clothes-wringer  to  the  right-hand  end  of  the 
right-hand  tub,  with  a  space  of  at  least  two  feet  between 
this  tub  and  any  wall  to  the  right  for  a  clothes-basket. 


W^ATER-CLOSETS. 

899.  Water-closets  are  made  in  many  styles,  and  are 
constructed  to  operate  in  many  ways.  They  are  made  of 
porcelain,  in  one  piece;  or  partly  of  porcelam  and  partly  of 
iron;  or  entirely  of  iron.  The  iron  is  either  plain  or 
enameled.  The  porcelain  closets  are  made  either  plain 
white  or  in  colors,  and  are  embossed  and  decorated  to  any 
degree  desired. 

The  duty  of  water-closets  is  to  thoroughly  remove  all 
filth  that  may  be  deposited  in  them.  They  must  be  free 
from  odors,  and  must  prevent  the  escape  of  drain  air  from 
the  soil  pipe  into  the  dwelling. 

To  meet  these  requirements,  every  closet  must  fulfil  the 
following  conditions: 

1.  The  ivatcr  used  for  clcansijtg  must  be  applied  in  such  a 
manner  that  it  thoroughly  washes  all  the  interior  surface  of 
the  bowl; 

2.  The  current  must  have  sufficient  force  to  detach  all 
filth  from  the  surface  of  the  boivl; 

3.  The  water  viust  be  of  sufficient  quantity  to  wash  out  all 
the  filth  and  carry  it  beyond  the  trap  and  into  the  soil  pipe  ; 
and, 

-^.  When  the  flushing  operation  has  ceased^  the  closet  bowl 
and  trap  must  be  properly  filled  zvith  fresh  ivater^  the  foul 
water  being  entirely  removed. 

The  thorough  washing  of  the  interior  surface  of  the  bowl 
is  accomplished  by  introducing  the  water  through  a  f  lusti- 
inja:  rim,  which  forms  part  of  the  closet  bowl,  as  at  A^  in 
Fig.  282.     This,  when  properly  made,  will  direct  the  water 
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m  small  streams  over  the  whole  internal  surface.  If  any 
part  of  the  surface  be  left  unwashed,  it  will  accumulate 
Hlth  and  emit  bad  odors. 


The  effectiveness  of  the  current  of  water  will  depend 
greatly  upon  the  shape  given  to  the  bowl,  and  upon  the 
rapidity  with  which  the  water  is  projected  into  the  bow]' 
and  trap. 

(t(M>.     A  superior  form  of  bowl   is  shown  in  Fig,  282. 

The  bottom  is  of  large  area  and  is  comparatively  shallow. 
This  shape  is  called  a  ^atthout  closet-  The  depth  of  water 
remaining  in  the  bowl  should  be  li  to  1}  inches  at  the 
deejtest  point. 

Water  is  supplied  to  the  closet  bowl  through  the  li-inch 
flush  pipe  F  and  the  perforated  flushing  rim  R,  the  largest 
volume  entering  the  bowl  at  the  back.  If  the  basin  is 
deeper,  the  fresh  water  may  pass  under  the  solid  excreta  and 
fail  to  remove  it  before  the  flush  is  exhau.>^ted;  and  if  the 
bssin  is  shallower,  the  excreta  may  adhere  so  strongly  that 
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it  can  not  all  be  washed  away  without  using  more  water  than 
can  be  allowed. 

The  soil-pipe  branch  and  trap  are  ventilated  by  the  back- 
vent  connection  B,  which  joins  a  vent  stack.  The  bowl  may 
be  ventilated  by  attaching  a  pipe  to  the  local-vent  connec- 
tion /,.  This,  however,  is  seldom  done  unless  the  pipe  can 
be  run  inside  or  near  a  warm  chimney,  as  explained  else- 
where. 

The  lip  S  forming  the  seal  of  the  trap  A  should  dip  not 
less  than  l^-  inches  nor  more  than  1}  inches  below  the 
standing  water  in  the  trap.  If  it  is  submerged  to  a  greater 
depth,  the  excreta,  paper,  etc.,  will  require  a  larger  and 
more  forcible  supply  of  water  than  can  be  allowed  to  carry 
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them  down  under  the  Up  and  expel  them  out.  If  the  sub- 
mergence of  the  lip  be  less  than  l.V  inches,  there  is  danger 
at  times  of  its  failing  to  properly  seal  the  trap.  The  variety 
shown  in  Fig-  2S'^  is  called  a  front  outlet  wanhout 
<*-ater-cl«>>ti:t ;  they  are  also  made  with  the  outlet  at  the 
side  or  at  the  back,  as  desired. 
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They  are  also  constructed  with  the  bowl  separate  from  the 
Imp,  the  bowl  being  nf  porcelain  and  the  trap  of  iron.  This 
¥  permits  the  trap  to  be  firmly  calked  into  the  cast-iron  soil 
I  pipe,  ensuring  a  strong  jnint  at  that  point. 

(M)l.     A  Hide  outlKt  vi-ushout  closet  having  an  iron 

I  trap  is  shown  in  Fig.  283.      Both  the  side  and  hack  outlet 

I  patterns  have  a  slight  disadvantage  when  compared  with  the 

T  (font  outlet  shown  in  Pig.  2M2.     The  lop  part  of  the  cham- 

'  ber  A  is  liable  to  be  imperfectly  cleaned,  and  will   become 

'  foul  and  emit  bad  odors.     The  front  outlet  pattern  is  free 

'  from  this  drawback.     The  attachment  at  /?  is  to  ventilate 

the  soil-pipe  branch.     The  opening  at  6*  is  for  a  local  vent 

pipe  to  carry  off  odors  from  the  basin,  and  prevent  them 

from  escaping  into  the  room  either  while  the  closet  is  in  use 

or  when  standing  idle. 

902.  The  variety  shown  in  Fig.  aS4  is  called  a  Hlphnn- 
Jet  cloHct.  The  contents  of  the  bowl  are  sucked  out  hy  the 
siphon,  which  is  formed  by  the  two  tubes  C  and  D.     Some 


■  of  the  water  which  enters  the  flushing  rim  A  rushes  down 
f  the  tube  (7,  forming  a  strong  jet,  which  drives  the  water  in 
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C  up  into  the  space  X  and  fills  the  tube  D.  As  D  is  longer 
than  Cy  they  act  as  a  siphon  until  the  water  in  the  bowl  falls 
below  the  lip  B. 

The  closet  outlet  horn  F  is  attached  to  the  soil-pipe 
branch.  The  back- vent  pipe  H  ventilates  the  closet  branch 
and  prevents  the  bowl  from  being  siphoned  by  the  discharge 
of  other  fixtures  into  the  same  stack. 

Washout  closets  make  some  noise  while  emptying,  but 
the  siphon-jet  variety  are  nearly  noiseless. 

In  the  latest  forms  of  siphon  closets  the  back-vent  horn  H 
is  dispensed  with  altogether,  and  instead  of  the  back-vent 
connection  being  made  to  the  porcelain,  it  really  is  made  to 
the  soil-pipe  branch  under  the  floor  and  as  near  to  the  closet 
as  possible. 

903.  A  pneumatic  siption  closet  is  a  closet  in  which 
the  siphonage  is  induced  by  a  partial  vacuum  being  formed 
in  the  long  leg  of  the  siphon. 

Closets  of  this  class  are  usually  provided  with  a  trap  under 
the  floor,  although  some  are  made  with  the  trap  combined 
in  the  earthenware  or  porcelain  body  of  the  closet,  and 
directly  under  the  bowl.  The  bowl,  of  course,  is  trapped 
also  by  a  lip,  as  shown  at  B  in  Fig.  284.  The  space  between 
the  two  traps  contains  air,  and  when  this  air  is  extracted, 
water  in  the  bowl  immediately  flows  into  the  chamber  to 
replace  the  air,  and  in  this  way  the  siphon  is  started. 

904.  The  process  of  extracting  the  air  is  simply  that  of 
applying  an  injector-like  connection  at  the  top  of  the  flush 
pipe  and  connecting  it  by  a  small  pipe  to  the  space  between 
the  closet  traps.  As  the  water  falls  in  the  flush  pipe  and  flows 
into  the  closet  bowl,  it  draws,  as  it  were,  air  from  the  chamber 
between  the  closet  traps,  which  otherwise  is  air-tight. 

An  objection  to  this  form  of  closet  is  the  fact  that  the  air 
between  the  traps  is  delivered  into  the  atmosphere  of  the 
room  as  soon  as  it  is  liberated  from  the  water  in  the  closet 
bowl. 

The  pneumatic  siphon  closet,  however,  has  several  merits 
which  are  not  possessed  by  ordinary  siphon-jet  closets.     For 
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example,  if  a  pail  of  water  is  thrown  into  a  siphon-jet  closet 
of  the  form  shown  in  Pig.  284,  the  closet  bowl  is  immedi- 
ately siphoned  out  and  the  seal,  to  a  certain  extent,  is  lost 
if  the  tank  is  not  flushed  at  the  same  time  to  refill  the  bowl. 
This,  however,  can  not  occur  with  a  properly  designed  pneu- 
matic siphon  closet,  because  the  bowl  wil!  simply  fill  up  to 
the  top  before  the  air  lock  can  be  forced. 

0()5.     In    another,  variety,    called     pluny;«r     clnsetH, 

shown  in  Fig,  385,  the  emptying  of  the  bowl  is  controlled 
by  a  valve  or  plunger,  P.     This,  is  provided  with  a  rubber 


'  ring  D,  which  seats  upon  a  brass  ring  Q  and  makes  a  water- 
'  tight  joint  with  it.  The  plunger  also  acts  as  an  overflow, 
'  Iwcause  if  the  water  rises  higher  in  the  bowl  than  the  top  of 

the  plunger  it  will  flow  over  and  down  through  the  inside, 

past  the  valve  and  into  the  trap. 
The  drawback  to  this  style  of  closet  is  that  the  chamber 
I  in  which  the  plunger  works  is  imperfectly  cleaned  and  is 
I  liable  to  become  foul.  Unless  the  plunger  isjifted  well  up 
P  when  emptying  the  bowl,  pieces  of  paper  or  matches,  etc., 
[  are  likely  to  slick  between  the  rubber  ring  and  the  valve 
I  seat,  and  prevent   the   closing  of  the   valve.     That  would 
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allow  the  water  to  leak  out  of  the  bowl,  leaving  it  dry  if  the 
closet  is  supplied  by  a  self-closing  valve  or  by  a  small  tank 
overhead.  If  the  closet  be  used  when  the  bowl  is  dry,  the 
excreta  will  adhere  so  strongly  that  the  amount  of  water 
usually  furnished  by  the  flushing  apparatus  will  be  insuffi- 
cient to  remove  it,  and  as  the  water  again  leaks  away,  it 
will  remain  in  the  bowl  and  become  a  nuisance. 

If  the  closet  is  supplied  by  a  ball-cock  placed  in  the 
plunger  chamber,  a  uniform  water-line  will  be  maintained 
in  the  bowl,  and  if  the  plunger  valve  should  leak,  a  waste  of 
water  would  be  the  result,  which  can  not  well  be  detected. 
This  variety  of  closet  is  constructed  of  one  piece  of  porce- 
lain or  partly  of  iron,  as  shown.  Usually  all  the  iron  parts, 
including  the  plunger,  are  porcelain-lined. 


906.     An  old  variety  of  closet,  called  the  pan  closet, 

has  a  hopper  or  conical  bowl  to  receive  the  excreta,  and  the 
lower  end  is  closed  by  a  pan,  which  is  swung  on  a  hinge  by 
means  of  a  lever  and  pull.  This  pan  catches  and  retains 
enough  of  the  flushing  water  to  seal  the  mouth  of  the  bowl. 

It  is  a  very  imperfect  ap- 
paratus. It  should  always 
be  replaced  with  a  closet 
of  modern  construction. 

The  principle  of  action 
of  the  pan  closet  is  shown 
in  Fig.  280.  The  porce- 
]C  lain  bowl  A  is  set  upon  a 
cast-iron  trunk  />\  which 
is  screwed  to  the  floor  C. 
A  lead  safe  D  is  usually 
set  under  the  closet,  and  is 
erroneously  connected  to 
Fig.  286.  the  closet  trap  by  a  safe 

pipe  /i.  The  copper  pan  F  seals  the  basin,  and  receives  the 
excreta.  When  the  closet  handle  is  raised,  the  pan  drops 
and  takes  the  position  shown  by  dotted  lines  at  /'"and  dis- 
charges its  contents  into  the  trunk,  while  at  the  same  moment 
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'olume  of  foul  air  enters  the  room  from  llie  trunk,  It 
llias  many  other  serious  imperfections,  to(.>  numerous  Hj 
[  mention.  Pan  closets  arc  universally  condemned  by  all 
[  health  authorities, 

I  907.  The  variety  called  the  hopper  clotiet  is  shown  in 
J  Kig.  8rt7.  The  bowl  is  of  conical  form  and  is  attached  to  a 
I  trap  of  any  desired  shape.     They  should  be  provided  with  a 
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\  flushing  rim  in  all  cases,  if  used  inside  a  building.  If  they 
I  are  used  without  a  flushing  rim,  they  become  very  foul  and 
I  emit  a  constant  stench. 

The  Ionic  hopper,  or  "Philadelphia  hopper,"  as  it  is 
I  sometimes  called,  is  simply  a  long  closet  bowl  having  the 
I  form  of  a  frustum  of  a  cone,  and  having  a  4-inch  outlet  horn 
I  dropping  down  through  the  floor,  and  a  floor  flange  cast  on 
I  as  a  base  for  the  closet  to  rest  upon.  It  is  also  provided  with 
I  a  flushing  rim  and  inlet  horn  similar  to  other  water-closet 
L  bowls.  A  long  hopper  is  suitable  only  for  outdoor  situations. 
L  Hopper  closets  are  seldom  supplied  with  enough  water  to 
■keep  them  reasonably  clean,  and  they  need  to  be  thoroughly 
Pscrabbcd  every  day.  A  pailful  of  water  should  be  occasion- 
I  ally  thrown  down  the  hopper  to  forcibly  relieve  the  trap  of 
Lthc  accumulation  of  paper  and  filth,  which  would  otherwise 
■dtoke  it. 
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The  hoppers  and  traps  are  made  of  solid  porcelain  or  of 
iron,  either  plain  or  enameled.  The  traps  for  long  hopper 
closets  are  placed  underground  clear  of  the  frost,  a  straight 
vertical  4-inch  pipe  joining  the  trap  to  the  hopper.  (See  ;/, 
Fig.  365). 

908.  Water-closet  seats  are  of  many  forms,  but  very 
few  of  them  have  a  proper  shape.  Several  State  Boards  of 
Health  have  settled  upon  the  shape  shown  in  Fig.  288  as 
the  best  form,  and  recommend  its  general  use.  They  say, 
**  The  hole  in  the  seat  should  belong  from  front  to  back, 

but  narrow  from  side  to  side.  It  should 
never  be  made  circular,  as  carpenters  will 
do,  unless  otherwise  instructed.  The  proper 
dimensions  are  11*  X  4*.  The  edges  should 
be  moderately  beveled.  This  shape  will 
make  the  act  of  relief  much  easier  and  tend 
greatly  to  prevent  that  painful  disease, 
hemorrhoids." 
Fio.  288.  Seats  for  hopper  and  washout  closets  are 

usually  hinged  to  a  back-piece,  which  may  be  attached  to 
the  wall.  The  most  improved  patterns  of  closets  are  pro- 
vided with  lugs,  to  which  the  seat  and  cover  maybe  hinged 
directly.  All  cabinet  work  or  boxing  of  any  kind  should  be 
avoided  in  setting  up  water-closets. 

No  opportunity  should  be  allowed  for  the  lodgment  of 
dirt  or  vermin.  All  the  surroundings  of  a  water-closet  should 
be  kept  strictly  clean,  and  all  arrangements  of  covers,  pipes, 
traps,  and  safes  should  be  made  with  that  end  in  view. 

Seats  and  covers  should  be  provided  with  rubber  blocks  or 
buffers  of  sufficient  size  and  elasticity  to  prevent  any  damage 
by  their  falling  down  upon  the  porcelain  bowl, 

909.  The  soil-pipe  connection,  that  is,  the  joint 
between  the  outlet  of  the  water-closet  or  trap  and  the  soil 
pipe  where  it  passes  through  the  floor,  is  a  matter  of  great 
importance.  The  common  joint  which  is  made  with  putty, 
the  flange  being  screwed  to  the  floor,  is  rarely  air  or  gas- 
tight,  although  it  may  not  leak  water. 
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Porcelain  clusets  are  commonly  attached  by  means  of  a 
brass  n«or  plalc  Joint,  as  shown  in  Fig.  2Sd.  The  soil- 
pipe  branch  C,  if  of  lead,  is  soldered  to  a  brass  flange  />  which 
is  screwed  to  the  floor.  A  rubber  gasket  A  is  put  between 
ihc  Sanger,  and  the  porcelain  closet  flange  B  is  screwed  down 


apon  it  by  three  or  four  screws  or  boils,  which  should  be  of 
substantial  size,  and  be  provided  with  washers,  as  at  A". 

Sometimes  the  lead  pipe  is  fl:inged  over  on  the  fl.ior  and  the 
pori'elain  flange  is  set  upon  it  with  a  bedding  of  putty.  Such 
a  joint  will  not  remain  gas-tight ;  it  is  worthless,  and  should 
not  be  allowed. 

The  porcelain  flange  has  but  little  strength  and  is  easily 
broken ;  therefore,  great  care  should  be  taken,  in  screwing  up 
the  joint,  to  avoid  breakage. 

The  be.st  plan  is  to  have  only  the  bowl  made  of  porcelain, 
tind  to  have  the  trap  made  of  iron,  porcelain-lined,  or  other 
metal;  this  ean  then  be  calked  into  the  hub  of  the  soil  pipe, 
and  a  secure  joint  made. 

The  joint  between  porcelain  and  metal,  which  every  por- 
celain fi.tlure  must  have,  should  be  on  the  house  side  of  the 
seal  of  the  trap. 

Joints  between  metal  and  porcelain  are  weak  and 
unreliable,  and  should  not  be  subjected  to  sewer  gas. 

9IO.  Fig,  2ii0  shows  in  plan  at  (n)  and  section  at  (/i)  a 
strong  and  st-cure  method  "f  Hettlne  a  porcelain  is'atcr- 
clutt«l  upui*  a  marble  «lab. 
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The  top  of  the  lead  bend  a  is  soldered  to  a  brass  floor 
flange,  as  in  the  figure.  The  closet  is  then  set  temporarily  and 
the  holes  are  marked  on  the  marble,  for  the  expansion  bolts 
c,  ^,  etc.,  which  are  located  at  each  corner  of  the  closet  base, 
as  shown  in  plan.  The  closet  is  then  removed,  and  the  four 
bolt  holes  are  drilled  in  the  marble.  The  expansion  bolts  are 
next  secured  in  position, and  the  closet  is  then  set  permanently, 


a  soft  rubber  gasket  being  employed,  as  shown  at  c,  to  make 
the  joint  gas-light,  and  plaster  of  Paris,  or,  better  still, 
Kcene's  cemenl,  being  used  to  fill  the  space  /,  and  thereby 
cement  the  base  solid  to  the  marble.  If  a  porcelain  closet  is 
set  in  this  manner,  there  will  be  no  danger  of  the  gasket 


PLUMBING   AND    DRAINAGE.  511 

joint  leaking  by  the  closet  being  jarred,   or  of  back-vent 
horns  being  broken  from  the  same  cause. 

811.  The  flutili-plpe  connection,  that  is,  the  con- 
nection between  the  inlet  horn  and  the  flushing  pipe,  is 
commonly  made  by  a  screw  coupling,  as  shown  in  Fig.  'I'.W. 

The  brass   nipple   A  is  usually  put  in  place  before  the 


porcelain  is  baked,  and  it  becomes  loose  during  the  baking 
process.  To  Lighten  it  a  locknut  N  and  a  rubber  gasket  K 
are  used  as  shown. 

This  joint  is  rigid.  If  the  flush  pipe  F  is  rigidly  attached 
to  the  walls,  and  there  is  any  settlement  of  the  building 
after  the  attachment  to  the  closet  is  made,  or  if  the  closet  is 
jarred  miirh.  a  great 
Strain  is  brought 
Upon  the  coupling, 
which  frequent  ly 
breaks  uS  the  horn 
TAB  B. 

912.  Another 
way  to  make  the  con- 
Qftction  is  shown  in 
Fig.  208.  A  rubber 
[  ooilnr  A    is  molded   to  tit   the   outside  of   the   horn  and 
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the  flush  pipe  B.  It  is  secured  to  both  by  winding  with 
copper  wire  at  c  and  d.  If  the  rubber  be  of  good  quality, 
this  joint  will  be  durable  and  will  accommodate  itself  to 
any  ordinary  settlement  of  the  building  or  jarring  of  the 
fixture. 

Should  there  be  danger  of  an  extraordinary  settlement, 
the  flush  pipe  B  should  be  connected  to  the  horn  by  a 
rubber  elboinr  or  bend. 


FLUSHING    APPARATUS. 

913*  The  purpose  of  a  flushing  apparatus  is  to  thor- 
oughly detach  and  remove  all  excreta,  etc.,  from  a  water- 
closet  bowl  and  drive  it  through  and  beyond  the  trap.  If 
the  excreta  can  be  driven  out  of  the  water-closet  branch 
into  the  main  soil  pipe  or  main  drain,  it  should  be  done, 
provided  the  water  is  abundant  and  not  expensive ;  but  it 
should  invariably  be  driven  out  of  the  trap.  A  small  stream 
of  water,  as  from  a  half-inch  pipe,  although  it  have  a  high 
pressure  and  be  spread  out  by  means  of  a  fan  or  deflector, 
will  not  clean  the  bowl  and  remove  solids  from  the  bowl 
and  trap  as  well  as  a  similar  volume  of  water  which  is 
delivered  with  a  rush  through  IJ-inch  pipe,  and  is  spread 
out  by  means  of  a  flushing  rim.  The  small  stream  of  water 
will  frequently  fail  to  make  the  solid  matter,  paper,  etc., 
dive  under  the  lip  or  bend  of  the  trap,  but  the  larger  stream 
causes  a  rush  of  water  which  drives  it  through  very  effec- 
tively. 

The  efficiency  of  a  flushing  apparatus  can  be  readily 
tested  by  coloring  the  water  in  the  closet  bowl  with  ink  and 
throwing  in  some  pieces  of  crumpled  paper.  Then  start  the 
apparatus.  The  flush  may  be  considered  satisfactory  if  no 
trace  of  ink  or  paper  remains  in  the  bowl,  and  if  the  trap 
and  basin  contain  a  proper  quantity  of  clean  water  after  the 
flush  is  over. 

To  secure  a  proper  flush,  a  flushing  tank  should  contain 
from  four  to  six  gallons  of  water,  and  it  should  be  elevated 
at  least  six  feet  above  the  water-closet  bowl. 


PLUMBING   AND    DRAINACE. 


914.     A  common  variety  of  nuHhlng  tank  is  shown 
in  Fig.  21i;f.     The  valve  A  is  pulled  open  by  means  of  the 
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lever  E  and  hand  chain  C  The  overflow  S  opens  into  the 
flush  pipe  D  beneath  the  scat  uf  the  valve.  The  water 
rushes  down  the  flush  pipe  only  while  the  valve  A  is  held 
open. 

The  amount  of  water  sent  down  may  be  too  little  to  do 
the  work  properly,  or  the  water  may  be  wasted  by  holding 
the  valve  open  longer  than  is  necessary.  The  former  trou- 
ble is  most  likely  to  occur,  because  very  few  people  consider 
the  amount  of  water  which  should  be  delivered  in  a  flush 
when  they  pull  the  chain. 

915.  To  remedy  this  defect,  the  siphon  tnnb  is  used. 
The  construction  of  a  siphon  valve  is  shown  in  Fij;.  'i'.H. 
I  It  consists  of  an  inner  tube  It  and  outer  tube  C  which 
nitcd  at  the  top  by  an  air-tight  cap  D.  The  inner 
I  lube  is  provided  with  a  rubber  ring  A',  which  forms  the 
[  valve,  and  is  seated  upon  the  seat  ring  -^.  The  two  tubes 
f  thus  form  a  siphon,  the  inner  tube  being  the  long  leg.  It 
is'started  into  operation  by  lifting  the  valve  off  its  seat. 
I  The  water  rushes  down  the  flush  pipe  and  draws  the  air 
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out  of  £and  quickly  fills  both  B  and  C"with  water.  The 
valve  is  drop|)ed  back  to  its  seat,  and  the  discharge  continues 
through  B  and  C  until  the  level 
of  the  water  falls  below  the 
lower  end  of  C.  Thus,  if  the 
valve  be  opened  only  a  mo- 
ment, or  long  enough  to  start 
the  siphon,  the  tank  will  empty 
to  the  same  point,  and  the  same 
amount  of  water  will  be  deliv- 
ered upon  every  occasion. 

The  device  shown  in  Fig.  2'.I3 
can  be   easily  modified   to  ac- 
complish the  same  result.    The 
.  overflow   pipe   B  may  be   pro- 
i  longed  and  bent  over,  as  shown 
by  the  dotted  lines,  thus  form- 
FicMW.  ing  a  siphon. 

916.     Another  variety  of  flush  tank,  known  asatwrvlce- 
box  tank,  is  employed  either  to  furnish  a  large  flush  first  and 
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asmaller  one  immediately  after,  or  in  some  other  way  to  al- 
low a  certain  volume  of  water  to  fall  into  the  bowl  and  there- 
by refill  same  after  the  tank  valve  is  closed.  A  service-box 
tank,  or,  as  some  people  call  it,  an  afti-r-flush  tank,  is  shown 
in  Fig.  295.  The  tank  is  divided  into  upper  and  lower 
chambers  E  and  H.  The  valve  A  is  made  about  4  inches  in 
diameter,  and  when  it  is  opened  it  passes  water  much 
faster  than  the  flush  pipe  D  can  discharge  it.  The  surplus 
Gila  the  chamber,  or  service  box,  //.  When  A  is  closed  the 
large  flusih  ceases  and  the  lighter  flow  continues  until  the 
chamber  H  is  emptied.    F  is  the  overflow  for  the  chamber  E. 


917.  The  flushing  apparatus  may  be  combined  with  the 
water-closet  bowl  and  trap,  in  one  structure,  as  shown  in  Figs. 
885  and  206.  The  latter  is 
a  section  through  the 
plunger  valve,  at  right 
angles  to  the  view  given  in 
Fig.  285,  and  it  shows  a 
ball-cock  A',  which  is  con- 
trolled by  the  float  //. 
The  water  rises  to  the  same 
height  in  the  chamber  j*^ 
that  it  does  in  the  bowl  .-/, 
and  the  float  is  adjusted  to 
maintain  the  water  at  the 
proper  level. 

Flushing  tanks  may  be 
dispensed  with  in  some 
cases,  by  using  a  closet 
valve  upon  the  service  pipe,  which,  when  opened,  will  re- 
main open  for  a  short  period  of  time,  and  will  aut'imaticaljy 
close  itself,  after  permitting  a  quantity  of  water  to  pass 
which  is  sufficient  to  properly  flush  the  bowl. 

A  valve  designed  for  this  purpose  is  shown  in  Fig.  'i'M. 
It  is  particularly  adapted  to  closets  of  the  plunger  princijile. 

The  valve  A  is  held  up  to  its  scat  by  the  spring  -S",     The 
supply  water  enters  the  space  between  the  valve  and  the 
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piston  B.  The  valve  spindle  is  loose  in  the  valve,  and  has 
a  conical  head  at  H  which  fits  in  a  corresponding  seat  in  the 
piston  B.  A  small  hole  C  permits  the  water  to  pass  slowly 
to  the  under  side  of  the  piston.  When  the  valve  stem  is  pushed 
down  by  the  hand  lever  /,  the  valve  H  opens  and  allows  the 
water  in  the  lower  chamber  to  escape  through  the  central 
hole  into  the  outlet  D.  The  area  of  the  piston  being  larger 
than  that  of  the  valve  A,  the  water  pressure  drives  the  piston 
downwards  until  it  is  arrested  by  the  valve  //.  The  pres- 
sure w  pon  the  opposite  sides  of  the  piston  being  now  balanced 
and  the  lever  being  released,  the  spring  S  pushes  the  piston 
upwards  and  gradually  closes  the  valve  A.     This  upward 


motion  is  gradual  because  the  water  required  to  fill  the  lower 
chamber  must  pass  through  the  small  hole  C,  and  tlm  spring 
is  not  strong  enough  to  drive  the  piston  upwards  so  rapidly 
as  to  form  a  vacuum  behind  it.  The  waterways  in  this  valve 
should  equal  the  area  of  1-inch  or  l^-inch  pipe  for  water- 
closet  service.  The  end  of  the  lever  usually  engages  with 
the  plunger  rod  T  of  the  closet.  These  valves  are  not 
reliable,  as  they  are  too  apt  to  get  out  of  order. 

Closets  located  in  exposed  places,  such  as  long  hoppers  in 
back  yards,  are  supplied  with  water  through  an  automatic 
self-closing  valve  similar  to  that  shown  in  Fig,  207.  The 
valve  is  placed  below  frost,  and  a  small  hole  is  made  in  the 
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Valve  outlet  to  drain  the  pipe  which  connects  the  valve  to 
Che  closet  burn. 

Flushing  tanks  for  water-closets  and  urinals  are  commonly 
made  of  wood  and  are  lined  with  copper.  They  are  also 
made  of  cast  iron,  and  should  be  porcelain-lined,  enameled, 
or  galvanized,  to  prevent  rusting.  Paint  is  not  a  sufficient 
protection  for  the  inside  of  a  tank. 

If  it  can  be  a^'oided,  water-closets  should  never  be  supplied 
with  water  direct  from  city  mains.  Unless  exposed  to 
frost,  they  should  in  all  cases  he  flushed  by  small  overhead 
tp.nk  arrangements,  as  the  waste  of  water  is  thus  greatly 
reduced. 


918.  Periodical  riuHlilntcTank. — This  apparatus 
designed  fur  automatically  H] 
intervals.  The  form  shown 
in  Pig.  2US  is  called  a.  tlltlnic 
taak.  A  tank  A  is  divided 
by  a  partition  into  two  equal 
chambers.  It  rocks  upon  an 
axle  /)',  and  thus  brings  cither 
chamber  under  the  supply 
cock  C.  As  the  chamber  fills, 
the  center  of  gravity  of  the 
tilting  tank  A  gradually 
changes  until  it  passes  over 
the  axle  />,  when  the  tank 
tills     over,     emptying     one  Fio.aie. 

chamber  and  bringing  the  other  into  position  for  filling. 
Tlie  water  being  emptied  suddenly,  a  rapid  flow  is  produced, 
which  is  well  suited  for  flushing  purposes. 

The  bottom  of  the  outer  tank  or  receiver  D  should  pref- 
erably be  round,  that  the  water  may  flow  more  rapidly  and 
more  steadily  down  the  outlot  pipe  E.  Sheet-metal  shields 
^prevent  water  from  splashing  over  the  sides  when  the 
tilting  tank  A  is  discharged.  When  a  number  of  urinals  or 
closets  arc  to  be  flushed  fmni  the  same  tank,  it  should  be 
deep  enough  to  contain  the  desired  quantity  of  water,  and 
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the  flush  pipe  opening  E  provided  with  a  siphon  which  can 
be  started  automatically  when  enough  water  is  emptied 
into  D. 

919.  The  flushing  apparatus  is  generally  operated  by 
means  of  a  chain  or  lever  pulled  by  hand.  It  can  also  be  oper- 
ated automatically  by  connecting  it  to  a  hinged  seat  or  plat- 
form which  sustains  the  weight  of  the  person  using  the  closet. 
The  seat  is  counterbalanced  by  means  of  a  spring  or  a 
weight  which  holds  it  up  off  its  bearings.  When  the  occu- 
pant sits  upon  the  seat,  it  yields  an  inch  or  so,  and  by 
means  of  suitable  connections  to  the  chain  A,  Fig.  390,  it 


opens  a  valve  B  and  closes  the  valve  C.  This  fills  the  ser- 
vice box  F  with  water  from  the  tank.  When  the  person 
rises,  the  seat  also  rises,  thus  closing  the  supply  valve  />'  and 
opening  the  discharge  valve  C,  when  the  entire  contents  of 
the  flushing  chamber  Faie  quickly  sent  down  the  ilush  pipe 
G.     This  device  is  frequently  used  in  railroad  stations  and 
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\  Other  places  where  people  are  liable  to  go  away  and  neglect 
I  flushing  the  closets.  They  are  especially  suitable  where  a 
number  of  closets  arranged  side  by  side  are  Rushed  from  one 
long  storage  tank.  Each  separate  flush  box  /^should  con- 
lain  about  2^  gallons  of  water  when  used  with  porcelain 
bowls. 

When  the  water-closet  space  is  enclosed  by  a  door  an 
attachment  may  be  made  to  the  door,  which  will  operate 
the  flushing  apparatus  every  time  that  the  door  is  opened. 


LATRINES. 
920*     Latrines  are  a  scries  of  strong  stoneware  or  cast- 
iron  pans  or  closet  bowls,  usually  porcelain-lined,  connected 
at  their  btjttom  by  a  large  pipe  which  forms  part  of  them 
and  which  has  a  gentle  fall  to  the  outlet  end,  as  shown  in 
I  Fig.  300.     The  bowls (/,  a,  etc,  are  furnished  with  flushing 


rims.     A  plunger  li,  which  also  acts  as  an  overflow,  is  seated 

water-tight  in  the  plunger  chaml>er.    There  are  many  differ- 

I  ent  ways  of  flushing  the  howls.     The  one  shown  is  similar 

1  principle  to  the  method  of  flushing  the  plunger  closet  in 

j  Fig.  290.     The  valve  tr  is  opened  or  closed  by  the  ball  float 

[  falling  or  rising  with  the  water  in   the  plunger  chamber, 

I  which,  of  course,    corresponds  with   the  water-line  of  the 

I  closet  bowls.     The  branches  which  connect  to  the  flushing 

t  rims  of  the  bowls  are  smaller  than  the  main  flush  pipe  //, 

i  Latrines  arc  not  very  desirable  fixtures.     In  this  particular 

I  style,  the  entire  row  must  be  flushed  in  order  to  cleanse  any 

one  bowl.     A  more  sanitary  arrangement  can  be  obtained 

[  by  simply  using  individual  closets  separately  trapped  and 
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flushed  from  separate  tanks  overhead.  Probably  the  greatest 
objection  to  the  latrine  shown  here  is  that,  should  a  partial 
vacuum  be  formed  in  the  supply  pipe  r,  foul  air  in  the  closet 
bowls  may  be  sucked  into  e  when  the  plunger  b  is  raised,  and 
thereby  contaminate  the  water  supply  to  other  outlets.  If 
the  latrines  are  arranged  to  be  flushed  from  a  large  tank 
overhead,  this  danger  will  be  overcome. 

Latrines  are  used  chiefly  in  public  places,  schools,  railroad 
stations,  factories,  barracks,  etc.,  and  they  are  usually 
under  the  control  of  a  janitor. 


TROUGH  CLOSETS. 

921.     Trough  closets,  often  called  school  closets,  are 

essentially  composed  of  a  long  closet  seat  with  a  series  of 
holes  in  it,  having  a  suitable  partition  between  each,  and  a 
cast-iron,  brick,  or  earthenware  trough  under  the  seats, 
which  should  contain  water  for  the  excreta  to  fall  into.  The 
bottom  of  the  trough  should  be  round,  and  should  grade 
down  to  the  outlet,  which  may  have  a  plunger  valve  attached, 
as  for  the  latrines.  They  are  cleaned  in  a  manner  similar  to 
latrines.  The  whole  of  the  internal  surface  should  be  flushed 
by  a  perforated  tube  running  all  around  its  top,  and  the 
solid  matter  in  the  bottom  should  be  forced  towards  the  out- 
let by  a  large  and  rapid  discharge  of  water  from  a  jet  in  the 
upper  end. 

When  trough  closets  are  flushed  from  automatic  tanks, 
the  plunger  valve  is  omitted,  and  water  to  a  depth  of  about 
2  inches  only  is  permitted  to  remain  in  the  bottom  of  the 
trough  by  the  aid  of  an  inclined  lip  near  its  point  of  outlet, 
similar  to  the  lip  which  retains  water  in  the  ordinary  washout 
water-closet. 

When  such  closets  are  supplied  with  an  abundant  and 
rapid  automatic  flush,  they  do  good  work  and  re(|uire  little 
attention. 

Trough  closets,  like  latrines,  are  ccMiimonly  employed  for 
use  in  school -houses,  and  should  be  local  vented,  or  the 
closet  apartment  should  be  thoroughly  ventilated. 
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URINALS. 

922*  Urinals  are  made  of  two  styles,  round  and  lipped. 
The  latter  are  to  be  preferred,  because  they  catch  drip- 
pings better  than  the  round  ones  do. 

Urinal  waste  pipes  are  much  inclined  to  become  choked 


from  organic  matter  which  is  deposited  by  the  urine  passing 
through  them;  and  to  flush  them  properly  a  considerable 
quantity  of  water  is  necessary. 

The  flush   pipe  is  usually  connected  at  the  top  of   the 
urinal,  as  shown  at  A  in  Fig.  301.     The  flushing  rim  B  ol 
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the  urinal  C  distributes  the  water  so  that  the  whole  interior 
surface  is  washed. 

Urinals  which  have  a  strainer  over  the  outlet  should  be 
provided  with  an  overflow  as  at  D,  It  is  very  difficult  to 
prevent  urinals  from  emitting  offensive  odors,  unless  they 
are  provided  with  a  local  vent  of  sufficient  size  to  draw  a 
continuous  current  of  air  down  through  the  outlet  of  the 
bowl. 

If  water  is  so  scarce  that  a  continuous  flush  can  not  be 
permitted,  a  treadle  urinal  having  an  automatic  arrange- 
ment similar  to  that  shown  in  Fig.  301  may  be  used.  The 
supply  valve  E  is  of  the  self-closing  variety,  and  the  valve 
stem  projects  upwards  against  a  hinged  platform  or  treadle 
I\  To  use  the  urinal,  a  person  must  stand  upon  the  treadle, 
which  yields  under  his  weight  sufficiently  to  open  the  valve. 
The  water  flows  as  long  as  the  treadle  is  depressed,  and 
ceases  as  soon  as  the  weight  is  removed  from  it.  A  small 
part  of  the  water  is  used  to  flush  the  treadle  box  and  remove 
the  drippings  that  may  fall  into  it.  The  waste  pipes  G  and 
/  and  trap  y  should  be  not  less  than  1^  inches  in  diameter. 
The  waste  and  trap  from  treadle  box  should  be  at  least  1:1^ 
inches  in  diameter.  The  waste  pipe  from  the  treadle  box 
should  be  vented  by  a  1^  or  11 -inch  pipe  Z,  which  should 
join  the  principal  vent  pipe  K.  The  diameter  of  K  should 
be  not  less  than  IJ  inches.  The  local  vent  or  ventilating 
pipe  M  should  be  2  inches  in  diameter,  and  care  must  be 
taken  to  get  a  good  draft  of  air  through  it.  The  stop-cock 
N  is  used  to  shut  off  the  water  supply. 

Attachments  which  open  the  supply  valve  and  allow 
the  water  to  run  are  sometimes  fastened  to  the  door  of 
the  stall  in  which  the  urinal  is  enclosed,  so  that  a  given 
quantity  of  water  will  be  discharged  into  the  urinal  every 
time  the  door  is  opened.  Consequently,  the  urinal  will  be 
flushed  before  and  after  use.  The  door  is  closed  by  a  spring 
or  weight. 

923.  Folding  urinalH  made  of  iron  or  pon^elain, 
operating  in   a   manner  similar  to   the  folding  wash-basin 
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shown  in  Fig.  3(i9,  are  someLimes  used.  They  are  flushed 
by  a  cock  being  opened  with  the  cover  of  the  urinal.  The 
^ck  is  shut  when  the  cover  is  raised  and  closed.  This  ap- 
i  is  usually  set  in  a  recess  of  the  wall,  and  is  provided 
rilh  a  local  vent  pipe  attached,  as  it  is  often  fitted  up  in 
Hiras  where  the  least  smell  wnuld  be  disagreealile,  such  as 
ftoctors'  offices. 


HOUSE   DRAINS   AND   DRAINAGE. 


SEWAGE    AND    SEWER    GAS. 

924>     Sew-aicB  is  composed  of  water  mixed  with  kitchen 

rtops,    grease,    soap,    urine,     washings    frum   stables    and 

|daugbter-houses,   rags,   leaves,  paper,   human  excreta,  etc, 

The  animal  and  vegetable  matters  in  it  rapidly  decompose 

ind  generate  noxious  gases,  and  the  combination  of  these  is 

railed  newer  teas.  These  gases  are  poisonous,  and  will  in- 
Kvitably  produce  sickness  if  they  escape  into  a  dwelling,  or 

t  they  are  breathed  in  any  considerable  quantity  by  those 
^ho  have  weak  constitutions  or  who  are  susceptible  to 
disease. 

An  exceedingly  dangerous  feature  of  the  air  contained  in 

kewers  is  that  it  is  liable  to  be  loaded  with  putrefactive 
^erms,  which  will  develop  typhoid  fever,  scarlet  fever,  and 
niphtheria,  if  they  find  a  lodgment  in  the  human  breath  or 

,  A  small  leak  of  sewer  gas  into  a  house  may  cause  much 
Mckness  that  will  probably  be  ascribed  to  other  causes. 
Hany  people  will  endure  a  small  amount  of  bad  odur  rather 
iian  incur  the  expense  of  sending  for  a  plumber,  and 
unwilling  to  believe  that  a  small  defect  in  the  drain- 
can  do  so  much  mischief.  But  the  plumber  must 
potect  people  against  their  own  ignorance  and  cupidity  in 

5  matter. 
i  It  is  clear,  from  the  nature  of  sewer  gas,  that  traps  and 
inta  npon  the  drains  arc  not  luxuries,  but  are  absolutely 
^cessary  to  the  health  of  the  community. 
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TRAPS. 

B25.  A  trap  is  a  device  which  allows  the  free  passage 
through  it  of  liquids  and  such  solid  matter  as  the  liquid 
may  carry  with  it,  but  which  prevents  the  passage  of  air  or 
gas  in  either  direction. 

The  simplest  form  of  trap  is  shown  in  Fig.  302  and  is 
called  a  runnlns  trap.     It  consists  of  a  downward  loop  in 


a  horizontal  pipe.  The  loop  is  filled  with  water  while  the 
pipe  at  each  side  of  it  may  be  empty.  Whenever  water  is 
run  through  the  pipe,  enough  will  be  retained  to  fill  the 
bend,  as  shown  by  the  drawing  to  the  left,  and  prevent  air 
or  gas  at  atmospheric  pressure  from  passing.  If  the  air  has 
sufficient  pressure  it  may  force  the  water  down  upon  one 
side  of  the  bend  and  up  upon  the  other  until  the  air  can 
escape  past  the  bend  at  B,  and  bubble  upwards  through  the 
water,  as  shown  by  the  drawing  to  the  right.  The  difference 
between  the  level  of  the  water  when  quiet,  as  at  A,  and  the 
point  B,  is  called  the  seal  of  tb«  trap,  and  in  no  case 
should  this  distance  ever  be  less  than  1^  inches. 

A  trap  may  be  made  on  the  principle  shown  by  Fig.  ^03, 
in  which  the  end  of  the  discharge  pipe   is  submerged   in 
water.     To  drive  air  or  gas  thr')ugh  this  trap 
enough  pressure  must  be  applied  to  depress 
the  water  below  the  end  of  the  tube. 

It  should  be  noted  that  a  much  higher 
pressure  will  be  required  to  force  gas  from 
the  cup  back  up  the  tube  than  in  the  other 
direction.  The  cup  is  of  larger  diameter 
e  tube,  and  contains  a  larger  volume 
of  water. 

For  example,  the    area  of   the   tube  is  I 

•h,  and  that  of  the  cup  is  4  square 

inches,  and  the  height  A  B,  or  the  seal,  is 
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■9  inches.  To  blow  air  down  the  tube  and  through  the  trap 
Iwoultl  require  a  pressure  sufficient  to  depress  the  water 
f  31  inches  in  the  tube  C.  But  as  the  water  falls  in  C  it  must 
I  rise  in  D.  Two  cubic  inches  of  water  forced  out  of  Cwill 
I  raise  the  level  ^  of  an  incli  in  1);  consequently,  the  passage 

of  the  air  is  resisted  by  a  water  column  3|j  inches  high. 
I  Now,  to  force  air  in  the  opposite  direction,  or  backwards, 
\  the  water  in  D  must  be  depressed  2  inches,  or  G  cubic  inches 
I  of  water  must  be  driven  into  the  tube  C.  This,  together 
I  with  the  2  inches  already  there,  will  fill  the  tube  tn  a  height 
I  of  8  inches.  Thus,  the  passage  of  the  air  backwards  is  re- 
I listed  by  a  water  column  8  inches  high,  or  three  times  as 
Imuch  as  in  the  forward  direction. 

926.  Nearly  all  varieties  of  traps  are  modifications  of 
I  these  two.  Fig.  3C'2  exhibits  the  principle  of  the  class  called 
I  round  pipe,  or  Du  liois  traps,  and  Fig.  303  that  of  the  class 
I  called  bottk,  or  fat  traps.  The  usual  forms  of  round  pipe 
\  traps  are  shown  in  Fig.  304. 

to  l!^  1?^-  =^yp  ^ 


A  is  known  as  an  S  trap.  It  is  used  chieflyundtr  fixtures 
[  where  the  waste  pipe  descends  to  the  floor. 

^  is  a  half  S  -if  P  trap.  It  is  used  chiefly  to  join  fixtures 
I  to  a  horizontal  waste-pipe  branch. 

6'is  a  }  S  trap.  It  is  used  chiefly  to  join  fixtures  to  a  Y 
I  branch  in  a  soil  pif)e  where  the  distance  between  the  trap 
I  and  the  branch  is  short. 

/)  is  a  lyiitf^.  or  running  trap.  It  can  only  be  used  on  a 
I  horizontal  waste  pipe.  It  is  often  used  as  a  bath  trap,  being 
I  placed  under  the  floor. 

E  is  a  humliback  trap.  This  form  is  used  on  a  vertical 
Kpipc  where  it  is  desired  to  have  the  inlet  and  outlet  in  the 
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same  straight  line.  It  is  not  used  as  much  in  plumbing  as 
the  other  forms. 

B27.  In  Fig.  305  is  shown  a  bottle  trap.  These 
traps  are  only  used  under  fixtures,  such  as  sinks,  baths, 
basins,  or  wash-tubs,  never  under  water-closets. 

The  inlet  pipe  A  is  attached  to  the  fi.^ture  and  the  outlet 
pipe  B  joins  the  waste  pipe  D,  of  which  the  part  C  forms  the 


back-vent.  It  is  next  to  impossible  to  unseal  this  form  of 
trap,  although  some  of  the  seal  may  be  lost  by  siphonage. 
Its  chief  objections  are  that  filth  is  liable  to  accumulate  in 
the  bottom  of  the  trap  and  grease  upon  the  top  of  the  water 
and  in  the  chamber  /:,  and  that  the  water  can  not  be  com- 
pletely renewed  every  time  the  fixture  is  used.  Such  a 
trap,  consequently,  is  not  always  "self-cleansing." 

In  Fig.  :100  is  shown  a  modification  of  Fig.  305.  It  is 
more  direct  in  action  than  Fig.  305,  and  is  more  easily  un- 
sealed. It,  however,  overcomes  the  danger  of  drain  air 
entering  the  building  through  unseen  holes  in  its  interior, 
as  would  occur  if  the  tube  A  in  Fig.  .105  were  corroded  within 
the  chamber  /;'.  Care  must  be  taken  when  attaching  an 
overflow  pipe,  for  instance,  from  a  wash-basin,  to  any  form 
of  a  trap,  particularly  to  those  of  the  pot  or  bottle  forma- 
tion, to  have  the  overflow  ]>ipe  ]>ro]>erly  .sealed.  An 
overflow  6'  is  attached  to  the  body  of  the  trap  in  Fig.  ■■Um. 

In  Fig.  :KJt;  the  trap  receives  waste  water  from  the  fixture 
by  the  pipe  ,1.     J>  is  the  back-vent  pipe  and  C  the  waste 


PLUMBING   AND    DRAINAGE. 


jripe.     The  arrows  with  feathers  shuw  the  dirt;i.liun  nt  the 
natural  air  currents  in  the  drainage  system. 

028.  In  Fig.  307  is  shown  a  ball  trap,  in  which  a  trap 
is  combined  with  a  check-vatve.  The  ball  valve  c  prevents 
the  return  of  ei il- 
liquid or  gas,  and  i 
liquid  around  the  h 
keeps  the  seat  g: 
tight. 

The  specific  gravi 
of  the  ball  in  I 
slightly  greater  than 
that  of  water,  so  that  a 
very  slight  head  nf 
water  in  Jf  will  raise 
the  ball.  This  trap  is  particularly  suitable  for  clean  water 
fixtures,  such  as  basins  or  baths,  which  are  liable  to  remain 
unused  a  sufficient  length  of  time  to  permit  the  water  in 
the  trap  to  become  evaporated  and  its  seal  consequently 
lost. 

In  such  a  case  the  ball  will  form  a  nearly  gas-tight  joint 
with  its  seat  and  prevent  the  passage  of  drain  atr  to  the 
building.  This  and  all  other  traps  having  the  waterway 
restricted  by  mechanical  appliance,  such  as  check-valves, 
are  liable  to  chokage  by  accumulating  hair,  small  pieces  of 
rags,  sponges,  and  even  matches. 

The  position  of  the  ball  when  water  passes  through  the 
trap  is  shown  by  dotted  lines.  The  ball  can  not  enter  the 
trap  outlet  pipe,  as  the  space  between  the  lip  a  and  the 
handhole  cover  D  is  too  small. 

929.  A  bell  trap  is  shown  in  Fig.  308.  In  it  the  seal 
is  formed  by  the  bell  a,  which  is  suspended  from  the  strainer 
A,  dipping  into  a  small  pool  of  water  formed  by  the  waste 
outlet  c  projecting  into  the  trap  casting.  The  chief 
objections  to  the  bell  trap  are: 

1.  It  soi^n  becomes  choked  by  sediment  lodging  in  the 
bottom  which  can  not  be  removed  without  lifting  off  the 
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bell.     This,  for  the  time  being,  permits  open  communication 
between  the  drains  and  the  building. 

2.   It  is  easily  siphoned. 


PlO.  806. 

3.  It  is  quickly  evaporated  if  not  used. 

In  fact,  the  bell  trap  has  no  redeeming  features,  and 
should  be  abolished  in  house-drainage  systems. 

930.  General  Remarks. — The  requirements  of  a  good 
trap  ?lvq:  (1)  that  it  shall  entirely  and  effectually  prevent 
the  passage  of  any  air  or  gas  from  the  waste  pipe  back- 
wards into  the  house;  (2)  that  it  shall  be  so  constructed  that 
it  can  be  readily  cleaned;  (3)  it  should  clean  itself  on  all 
ordinary  occasions. 

Round  pipe  traps  are  usually  of  the  same  diameter 
throughout,  and  they  freely  pass  nearly  everything  that  can 
get  into  them,  but  they  are  very  liable  to  become  useless 
through  the  removal  of  the  water  which  seals  them,  by 
siphonage  or  evaporation. 

The  bottle  trap  can  seldom  be  emptied  or  its  security 
impaired  by  siphonage,  and  as  it  contains  a  large  volume  of 
water,  it  will  withstand  evaporation  for  a  longer  time  than 
other  traps.  It  will  clog  easier  than  a  round  pipe  trap,  but 
is  quite  as  easily  cleaned  by  removing  the  screw  plug 
which  is  provided  for  that  purpose.  The  same  depth  of  seal 
forms  a  more  effectual  barrier  against  the  bac'  -^  of  gas  in 
a  bottle  trap  than  in  a  round  pipe  trap,  as  before  explained. 
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The  6aU  trap  can  not  be  easily  emptied  by  siphonage, 
because  of  tlie  buttle  or  pot  form  of  construction.  When 
the  water  evaporates  from  it,  the  slime  which  coats  the 
.interior  of  the  trap  will  cement  the  ball  to  its  seat,  and 
make  a  joint  that  will  be  gas-tight  for  a  longtime,  provided 
that  the  seat  be  free  from  shreds  of  cloth,  hair,  etc.  The 
usefulness  of  the  ball  is  very  apt  to  be  destroyed  by  refuse 
of  that  kind.  In  that  case  it  is  worse  than  an  ordinary 
trap. 

A  trap  for  outdoor  service,  to  receive  surface  water  from 
■courts,  areas,  roofs,  etc,  should  have  a  deep  seal,  from 
<8  inches  to  1  foot,  according  to  the  warmth  and  length  of 
the  dry  seasons. 

Ckeck-vah'fs  should  not  be  used  in  place  of  traps,  because 
they  are  very  liable  to  be  prevented  from  closing  properly 
by  the  lodgment  of  refuse,  such  as  strings,  rags,  paper, 
etc.,  between  the  valve  and  its  seat. 

All  traps  should  have  a  cleaning  hole.  The  screw  plug 
or /r(j/>jcr«r  which  is  used  to  close  the  hole  should  be  of 
such  shape  and  size  that  a  wrench  can  be  applied  to  it  firmly 
And  safely.  Large  traps,  such  as  used  for  drains,  should 
bave  a  4-inch  (or  larger)  handhoU  and  a  suitable  cover, 
^These  plugs  or  covers  must  always  be  made  both  water- 
and  g,is-tight  by  means  of  screwed  joints. 

A  separate  trap  should  be  placed  under  each  bath-tub, 
Irash-basin,  sink,  water-closet,  or  urinal,  and  one  trap 
idiould  be  attached  to  each  set  of  laundry  tubs.  Traps 
^ould  be  set  as  close  to  the  fixtures  as  possible. 

A  main  disconnecting  trap  should  be  placed  in  each  main 
Irain  so  as  to  disconnect  the  house  pipes  from  the  sewer. 

No  trap  should  be  placed  at  any  point  where  it  will  check 
ilie  free  circulation  of  air  through  the  drainage  system. 

A  check-valve  may  be  used  on  a  drain,  between  the  main 
Usconnecting  trap  and  the  sewer,  to  protect  the  house 
Inina  from  any  back  flow  from  the  sewer.  When  the  drain 
^pe  empties  into  a  river  or  into  the  sea  below  high-water 
bark,. ''  '"  -1  should  be  protected  by  attaching  a  valve  of 
Ihis  kind. 
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931.  Double  trapping  is  an  arrangement  of  two  traps 
in  immediate  succession,  so  that  the  wastes  must  flow 
through  both.  This  arrangement  should  always  be  care- 
fully avoided,  because  the  refuse  is  apt  to  lodge  in  the 
second  trap  and  choke  it.  A  certain  amount  of  head  or 
hydraulic  pressure  is  required  to  drive  the  waste  water 
through  one  trap,  and  if  two  traps  are  to  be  passed,  twice 
that  amount  of  head  will  be  required.  If  two  traps  placed 
upon  a  drainage  system  confine  the  air  between  them,  an 
air  lock  will  take  place,  the  evil  effects  of  which  have 
already  been  explained. 

This  matter  should  be  carefully  examined  into,  especially 
when  making  additions  to  or  repairing  old  work. 

932.  Refrigerators  should  have  a  trap  on  the  waste 
pipe.  The  object  of  the  trap  is  to  allow  the  waste  water  to 
pass  out,  and  to  prevent  the  cold  air  from  escaping  also. 
The  cold  air  is  heavier  than  the  air  at  ordinary  tempera- 
tures, and  it  settles  at  the  bottom  of  the  chamber.  If  there 
is  any  hole  open,  the  cold  air  will  flow  out  very  much  as 
water  would,  and  the  result  is  a  waste  of  ice.  The  trap 
also  prevents  the  entrance  of  bad  air  or  dust.  Cooling 
rooms  for  butter  and  cold  storage  must  be  carefully  guarded 
in  this  respect. 

Ample  facilities  for  cleaning  the  traps  must  always  be 
provided,  because  they  frequently  choke  with  the  sawdust 
which  accompanies  the  ice. 

The  waste  pipe  should  not  be  directly  connected  to  a 
drain  or  sewer  pipe,  but  should  discharge  into  some  clean 
place  where  it  can  be  seen  and  where  there  is  no  bad 
air.  The  utmost  cleanliness  must  be  preserved  at  all  points 
about  refrigerators  or  cold-storage  rooms. 

In  apartment  or  flatted  buildings,  it  is  customary  for  the 
plumber  to  run  a  vertical  line  of  2-inch  or  IJ-inch  gal- 
vanized iron  pipe  from  cellar  up  to  and  throuti^h  the  roof, 
having  ^Y  or  \V  branches  taken  off  at  each  floor  to  receive 
the  water  from  the  ice-boxes  or  refrigerators.  The  lower 
end  of  the  vertical  pipe  line  usually  delivers  openly,  over  and 
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Intoa  water-supplied  sink.     The  branches  to  the  refrigerator 
fes,  if  any  be  used,  are  all  trapped  just  under  the   safe 
Rrainer. 

933.  Rain-wnter  leiKlerti,  if  cunnected  to  the 
9rain&,  must  be  provided  with  traps  having  a  seal  so  deep 
ihut  the  water  in  them  will  not  evaporate  sufficiently  to 
inscal  them  during  long  spells  of  dry  weather.  These 
aps  must  be  secured  against  frost.  They  are  usually 
laced  in  the  cellars.  Such  traps  should  always  be  access!- 
le,  because  they  are  very  liable  to  chokage. 


GREASE  INTKRCEFTERS  ANIl  TRAPS. 
934*  Grease  is  very  troublesome,  because  it  is  liquid 
id  runs  out  of  the  sink  readily  while  accompanied  by  hot 
'ater;  but  as  soon  as  it  encounters  the  cold  surface  of  the 
'astc  or  drain  pipe,  it  solidifies  and  adheres  to  the  pipe, 
he  caliber  of  the  pii>c  is  thus  reduced,  and  it  will  eventu- 
lly  be  choked  by  the  grease;  consequently,  it  often  happens 
lat  some  contrivance  must  be  employed  to  prevent  the 
reasc  from  entering  the  drainage  system. 
An  ordinary  variety  of  greaMc  Interceptor  and  trap 
imbincd  is  shown  in  Fig.  300.  C  is  the  waste  pipe  from 
le  sink.  JJ  is  the  pipe  leading  to  the 
rain,  and  //  is  a  fresh-air  in 
he  cover  I)  should  be  large  emiugh  *■ 
I  readily  permit  the  inside  of  the 
TLp  to  be  cleaned,  and  should  be 
icured  in  position. 
The  grease  having  a  density  less 
lantltat  of  water,  accumulates  in  a 
lyer  at  G,  and  if  allowed  to  become 
iltl  will  solidify  into  a  cake  which 
in  easily  be  removed. 
This  form  of  grease  trap  is  mostly  used  for  intercepting 
'ease  from  kitchen  sinks  in  large  country  buildings.  As 
le  trap  must  be  large  in  order  to  prevent  the  grease  from 
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entering  the  outlet  B,  it  is  usually  placed  underground  as 
near  the  sink  as  possible. 

935.  A  superior  variety  known  as  a  chilling  trap  is 
shown  in  Fig.  310.  B  is  the  waste  pipe  from  the  sink  and 
D  is  the  pipe  leading  to  the  drain.  F'\&  the  vent  pipe  and 
A*  is  a  local  vent  or  air  relief  pipe.  The  contents  of  the 
trap  are  chilled  by  means  of  a  jacket  A  through  which  cold 
water  is  made  to  circulate.  Commonly,  the  cold  water  sup- 
ply to  the  kitchen  boiler  is  used  for  this  purpose,  the  water 
entering  the   trap  through  H  and   passing   to   the   boiler 
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through  /.  y  is  a  close-fitting  hinged  cover.  The  grease 
chills  into  a  cake  at  G  and  is  removed  by  opening  the  cover. 
The  separation  of  the  grease  will  be  more  perfect  in  this 
trap  than  in  the  one  shown  in  Fig.  ;t(l'J,  because  the  layer  of 
grease  is  not  disturbed  by  the  water  in  entering  nor  in  leav- 
ing the  trap.  In  Fig.  30!lthe  entering  water  passes  throui^h 
the  layer  of  grease  and  is  liable  to  carry  some  of  it  along 
over  into  the  waste  pipe.  A  trap  screw  K  is  attached  for 
access  to  the  trap  outlet.  A  pet-cock  L  is  screwed  into  the 
water-jacket  to  drain  it  when  required. 


MAIN   mSCONNECTIKG   THAI>». 

936.  The  main  disconnecting  traji,  or  main  ili 
trap,  as  it  is  sometimes  called,  is  a  very  important  itei 
a  house -drain  age  system.  Its  duty  is  to  prevent  gasL- 
the  city  sewers  or  cesspools  from  entering  the  house  dr; 
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I  These  gases  are  usually  considered  to  be  raore  dangerous 
I  than  those  generated  within  a  house-drainage  system. 

There  are  many  different  forms  of  main  disconnecting 
I  traps  on  the  market,  some  of  which  are  really  very  efficient 
land  some  are  worse  than  useless. 

The  requirements  of  a  good  main  disconnecting  trap  are: 

1.  It  should,  under  all  conditions  and  at  all  times,  main- 
Btain  a  perfect  disconnection  between  the  gases  in  the  street 
(sewers  and  those  in  the  house  drains. 

2,  It  should,  under  all  ordinary  conditions,  be  self- 
Bdeansing,  so  that  solid  matter  may  not  accumulate  in  it 
|>and  evolve  gases. 

It  should,  in  all  cases,  be  accessible  for  cleaning-nut 
IpurpoBCS  and  for  inspection,  the  handholcs  being  maintained 
Iposilively  gas-tight,  preferably  by  means  of  screwed  joints 
1  (metal  to  metal),  not  by  a  bedding  of  putty. 

937.  There  are  two  leading  reasons  for  disconnecting 
Jthe  buildings  from  sewers  and  cessi^xjls. 

First — To  have  the  air  in  the  house -drainage  system  in  as 

nurca  condition  as  possible,  so  that,  should  any  leak  occur,  the 

B<dangers  connected  therewith  will  be  reduced  to  a  minimum. 

Second — To  maintain  as  pure  an  atmosphere   over   and 

jiround  the  buildings  as  the  circumstances  will  permit. 

In  Fig.  311  is  shuwn  what  used  to  be  a  very  common 
method  of  preventing 
wwer  gases  in  the  fire- 
Bctay  sewer  connection 
^ipe  a  from  entering 
tthe  ho  use- drain  age  sys- 
[jeni,  of  which  f>  is  the 
main  house 
drain  within  the  cellar, 
and  c  a  cast-iron  fresh- 
_  air  inlet   continued   to 

outer  atmosphere.  Pio.  sn. 

The  trap  ;-  remains  constantly  full  of  water,  as  shown, 
id  thus  prevents  the  passage  of  gases  from  a  to  b. 


I 
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938.  There  are  many  objections  to  the  arrangement 
shown  in  Fig,  311,  the  principal  ones  being: 

1.  Owing  to  the  water-line  o£  the  trap  being  up  to  the  lip 
e,  the  sewage  will  be  carried,  by  its  own  momentum,  against 
the  inner  surface  at  v,  and  a  head  of  water  will  have  to  be 
formed  in  b  and  the  trap  inlet  to  force  the  sewage  through 
the  trap  and  into  a.  This  head,  combined  with  eddies,  will 
prevent,  to  a  great  extent,  solid  matter  whose  specific 
gravity  is  less  than  that  of  water  from  passing  under  the 
tongue  /  of  the  trap  and  into  a.  The  trap  will,  therefore, 
not  always  be  self-cleansing  with  ordinary  flushes  from  the 
fixtures. 

2.  Should  the  wall  or  the  earth  outside  of  it  settle  at  any 
time,  the  fireclay  pipe  which  runs  through  the  wall  and  into 
the  cellar  would  certainly  break;  in  this  way  sewer  gas 
would  be  admitted  to  the  cellar. 

3.  Assuming  that  no  settlement  of  the  wall  or  earth  takes 
place,  and  the  pipe  a  remains  intact,  the  expansion  and  con- 
traction of  b,  due  to  changes  in  its  temperature,  would  soon 
loosen  the  joint  between  the  /ai7  of  the  trap  and  the  fireclay 
pipe,  or  crack  off  the  socket. 

In  Fig.  312,  the  wall  in  which  the  fireclay  pipe  a  is  sulidly 
bedded  with  cement  has  settled   whic  tl  c  earth  remained 
n   \ed,  and  the  pipe 
his  br  kenoif  just  out- 
s  le     the    <Tllar     wall. 
The  effect  of  this  break 
iS  to     lliiw   liquid  sew- 
-^j-pgj^l^-  age    t      fiuw     into    the 
"jL^""'^"*  celhr      throujjh     open 
1  K       ^  jons    n  the  masonry, 

?       I       ""  as  ity    and  SL-wer  gas 

I— i        —    -ii  toe    t    r  tho  cvllar  in  a 
P'o  "^  nhr  naimer,  asat^-; 

it  also  allows  solid  matter  to  accumulate  at  «,  and  in  the 
drain  ir  by  the  sewage  backing  up  there  to  form  a  head 
sufficient  to  cause  a  flow  through  a.     In  order  to  avi^id  the 
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r  objections  specified,  the  trap  may  be  constructed  and  fitted 
up  as  shown  in  Fig.  3IH.  Here  is  shown  a  trap  so  con- 
structed that,  when  set  properly,  the  inlet  lip  e  is  about  2  to 
3  inches  above  the  normal  water-line  of  the  trap,  so  that  the 
liquid  sewage,  by  falling  into  the  trap  well,  that  is,  the  space 

'  just  over  the  water  in  the  inlet  side  of  the  trap,  will  force 
any  solid  matter  in  the  well  down   under  the  tongue  and 

'  through  the  trap,  as  shown  by  the  arrows. 

The  space  between  e  and  the  water-line  also  provides  for 


t  small  head  of  watL-r  wliiiJi  is  required  to  cause  a  6ow 
I  through  a  to  ihe  sewer,  and  by  so  doing  prevents  water  from 
[  backing  in  the  house  drain  ^,  thus  permitting  solids  carried 
k.by  the  water  in  d  to  be  easily  deposited  into  the  trap  well, 
I  from  which  ihey  are  just  as  easily  forced  by  the  small  cas- 
tcade  falling  upon  ihcni,  under  the  tongue  and  through  the 
I' trap  w. 

In  order  to  obtain  easy  access  to  a  and  *,  or  to  the  trap 
liitseK,  the  fresh-air  inlet  c  is  joined  m  a  T  branch,  and  a 

t  or  S-inch  brass  trap  screw,  the  sot-kel  of  which  forms  a 
ieve  for  calking,  is  secured  into  the  hub  of  the  trap,  asat  w/. 

Ibis  gives  access  to  the  main  house  drain  and  the  trap  well. 
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Another  handhole,  or  access  plate,  is  shown  at  n ;  this  is 
for  easy  access  to  the  pipe  a.  It  is  composed  of  a  dead  plate 
secured  by  bolts  to  a  flange  cast  on  the  trap,  a  pliable  gasket 
being  placed  between  the  plate  and  the  flange  to  form  an 
air-tight  joint  when  the  plate  is  set  down  tight.  It  is  very 
essential  that  this  handhole  be  hermetically  sealed,  because 
the  pipe  a  will  constantly  be  loaded  with  sewer  gas,  and 
if  the  plate  should  not  be  bedded  tight,  sewer  gas  will 
flow  into  the  cellar  unobserved.  A  screwed  cap  having 
metal  to  metal  contact  is  preferable  for  closing  the  hand- 
hole  n, 

939.  Care  should  be  taken  to  allow  a  space  all  around 
the  pipe  where  it  passes  through  the  wall,  particularly  over 
it,  so  that  the  wall  may  settle  without  touching  the  pipe. 
In  Fig.  313,  the  iron  sewer  connection  a  is  continued  through 
the  wall  to  a  distance  of  5  or  10  feet  before  it  joins  the  fire- 
clay pipe,  so  that  if  any  slight  leak  should  occur  in  the 
fireclay  pipes  or  their  joints,  the  leakage  will  not  affect  the 
building. 

The  fireclay  sewer  pipe  should  never,  on  any  account,  be 
continued  into  the  cellar  as  shown  in  Figs.  311  and  312. 

940.  When  a  main  disconnecting  trap  must  necessarily 
be  located  outsideof  the  building  and  underground,  it  is  cus- 
tomary to  build  a  brick  manhole  around  it  for  easy  access. 
If  the  manhole  is  remote  from  windows,  doors,  etc.,  it  is 
customary  to  provide  it  with  a  perforated  cover  so  that 
fresh  air  may  easily  enter.  In  such  a  case  the  handhole 
on  the  trap  inlet  is  left  open  and  the  manhole  floor  is 
cemented  water-tight  and  made  flush  with  the  handhole. 

A  manhole  should  be  at  least  2  feet  G  inches  in  diameter 
at  the  base,  the  walls  being  built  of  brick  and  8  inches 
thick.  It  should  be  closed  on  top  by  a  flag  of  pavement  at 
least  3  inches  thick,  and  the  iron  cover  or  grating,  as  the 
case  may  be,  should  be  sunk  flush  into  the  stone.  The 
opening  in  the  stone  should  be  at  least  15  inches  in  diam- 
eter, or  square,  and  the  plate  which  covers  it  should  have  a 
1-inch  bearing  all  around. 
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FRESH-AIR  CIRCULATION  IN  DHAINACK  SYS- 
TEMS. 
&41.  All  of  the  drains,  soil  pipes,  and  waste  pipes  which 
are  wholly  or  partly  inside  of  a  dwelling  or  public  building 
should  be  kept  free  from  accumulation  of  foul  gases  or 
odors,  and  should  be  so  freely  vented  that  the  water  seals 
can  not  be  sucked  out  of  the  traps  by  siphonage  nor  blown 
by  l>ack  pressure. 

The  necessity  of  ventilating  all  drains,  soil,  and   waste 

pipes  in  a  building  is  evident  when  we  consider  that  no 

matter    how  well  these    pipes   are    cleansed    by    flushes   of 

Fater  passing  through  them,  there  will  always  be  deposits 

if  solid  matter  upon  their  internal  surfaces.     These  deposits 

lecomposc   and   evolve   gases   which   are   dangerous  to   a 

:eater  or  less  extent,   according  to  their  composition.      In 

■der  to  convey  these  gases  from  the  pipe  system,  and  allow 

icm  to  discharge  into  the  atmosphere,  the  vertical  slacks 

ire  continuctl  full  size  or  larger   up  to   and  through  the 

of  the  building  where  they  terminate  with  open  ends. 

branch,  known  as  the  frvHli-alr  Inlet,  taken  from  the 

ower  pari  of  the  house-drainage  system,  is  led  to  the  atmos- 

»hcre  at  another  point  for  the  purpose  of  admitting  a  sup- 

ily  of  fresh  air  to  lake  the  place  of  the  foul  air  that  is 

ijccted  alwve  the  roof. 

842.  Fig.  3H:  shows  a  sectional  elevation  of  a  drainage 
'Stem,  and  will  be  sufficient  to  illustrate  the  principles  of 
rainage  ventilation,  The  water-closet  A  discharges  inio 
le  soil-pipe  stack  /i  through  the  soil-pipe  branch  u.  The 
Wh  ^discharges  into  ^  through  the  waste  pipe /■.  Drain 
sr  is  prevented  from  entering  the  building  by  the  bath 
rap  c,  and  the  water-closet  trap  which  forms  part  of  the 
loset,  and  which  is  molded  to  it.  A  main  disconnecting 
rap  /*  prevents  gases  generating  within  the  sewer  Ji  from 
owing  through  the  house-drainage  system.  The  top  of 
le  soil-pipe  stack  B  and  the  orifice  of  the  fresh-air  inlet  pipe 
;are  open  to  the  atmosphere;  consequently,  when  the  air  or 
IWK  in  the  drainage  system   are   lighter   than    an  equal 


538 


PLUMBING   AND   DRAINAGE. 


volume  of  the  outer  atmosphere,  they  will  fl"W  up  through 
the  system  and  discharge  into  the  atmosphere  above  the 
ro<»f,  as  shown  by  the  arrows.  They  are  displaced  by  J 
volume  of  fresh  air  flowing  under  atmospheric  pressuT 
into  the  system  through  the  pipe  F.  This  fresh  air  mtn 
with  the  gases,  and,  in  turn,  is  soon  ejected  from  the  E 
tern.  The  velocity  of  a  current  of  air  flowing  through! 
drainage  system  will  vary  considerably  with  changes 
temperature,  with   the    pressure  upon    the  inlet   or  i 


orifice,  etc.     In  many  cases  the  currents  are  reversed;  t 
is,  the  drain  air  is   forced  out  of  the  fresh-air  inlet  pin 
Such  would  be  the  case  if  the  water  discharged  from  ( 
fixtures   should   form   a   nearly   solid    plug    while    flowi 
through   the   pipe.     The   effect    of  the    flush  would  be  j 
force   the   drain   air  ahead.     For   this   reason   great   i 
should  he  taken  in  selecting  the  point  of  fresh-air  inlet, 
branch  pipes  a  and  b  are  ventilated  by  back-vent  pipes  </lB 
e,  which  join  their  highest  points  to  the  main  stack. 


PLUMBINf;    AND    DRAINAGK. 


.1:13 


principal  use  of  these,  however,  is  to  prevent  the  siphoning 
of  the  traps  when  water  flows  through  a  or  h. 

943.  The  locatluo  of  the  fresh'alr  Inlet  is  a  matter 
of  very  great  imporlance,  and  many  things  must  be  con- 
sidered in  selecting  it.  If  the  current  of  air  which  flows 
through  the  fresh-air  inlet  pipe  always  flowed  inwards, 
the  selection  of  the  location  of  the  inlet  would  not  be  such 
nportant  matter,  but  there  are  limes  when  a  blo^v- 
back  actually  occurs  at  the  inlet  orifice,  which  then 
becomes  a  temporary  foul-air  outlet.  In  order  to  prevent 
■the  drain  air  so  blown  back  from  being  a  dangerous  nui- 
ance  to  the  inmates  of  the  building,  many  of  the  health 
department  laws  compel  the  inlet  orifice  to  be  at  least 
15  feet  from  any  window  or  dour.  This,  of  course,  is  to 
prevent  blow-backs  from  entering  tlje  building. 

c  the  main  house  drains  from  nearly  all  city  build- 
ings are  continued  through  the  front  wall  and  join  the 
Kreet  sewer,  and  the  fresh-air  inlet  pipe  is,  consequently, 
run  from  the  main  house  drain  at  ihc  front  of  the  building. 
It  stands  to  reason  that  if  the  inlet  orifice  must  be  IS  feet 
or  more  from  the  windnws,  the  inlet  of  fresh  air  must  be 
taken  from  a  point  near  the  street  curb  or  from  a  point 
above  the  building.  It  may  be  done  cither  way,  but  the 
t'ormer  method  is  usually  employed.  When  taken  from  the 
Curb,  parlicular  care  must  be  exercised  to  avoid  arranging 
the  inlet  orifice  in  sue' 
Ings  may  at  any  lim 
cutting  off  the  flow  of 


fresh  air  to  the  system. 
A  very  common 
nethod  of  running  the 
Eresh-air  inlet  is  shnwn 
I  Fig.  315.  The  inlet  ^ 
lipc  a,  which  joins  the 
puse  Bide  of  the  main 

Ssconnecting    trap     in  Pio.sis. 

ifl  cellar,  is  connected  to  a  curb  box  b,  as  shown.     The 
ip  of  this  box  is  sunk  flush  with  the  sidewnik  and  is  fitted 


ich  a  minncr  that  dirt  or  street  sweep 
nttr  ind  choke  the  pipe   thercb) 
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with  a  movable  grating  which  can  be  lifted  out  or  swiinjij 
over  on  hinges  to  facilitate  the  cleaning  of  the  box. 

The  chief  objection  to  this  method  is  that  the  box  will  grad- 
ually fill  up  with  pavement  sweepings,  as  shown,  and  the  air 
supply  will  thus  be  choked  off.  It  is  ako  very  much  affected 
by  snow  storms.  Even  though  the  pavement  is  swept  clean 
after  a  fall  of  snow,  the  perforations  of  the  grating  will  remain 
clogged  with  snow  and  ice.  In  fact,  this  form  of  fresh-air 
inlet,  if  not  attended  to,  becomes  practically  useless. 

To  prevent  any  chokage  by  dirt,  the  pipe  a  is  sometimes 
continued  through  the  curbstone  r,  thus  opening  into  the 
street  gutter,  and  is  provided  with  a  grating  over  its  mouth, 
which  is  set  flush  with  the  face  of  the  stone.  While  this  re- 
moves the  objection  to  dirt  accumulation,  it  is  usually  entirely 
closed  while  snow  lies  in  the  streets,  tlie  gutters  being  made 
the  receptacles  for  the  snow  until  it  melts  or  is  carted  away. 

ff 

944.  In  order  to  have  the  drainage  system  efficiently 
ventilated,  it  is  necessary  that  the  fresh-air  inlet  be  the  full 
size  of  the  main  drain,  and  that  its  caliber  be  unobstructed. 
When  a  grating  is  used  over  the  inlet,  the  perforations 
should  be  at  least  equal  in  area  to  the  sectional  area  of  the 
pipe  itself.  This  will  reduce  the  resistance  to  the  inflowing 
air  to  the  minimum. 

There  are  three  general  methods  by  which  fresh-air  inlets 
may  be   made  self-cleanHins: : 

The  first  is  to  arrange  the  inlet  orifice  in  such  a  manner 
that  dirt  can  not  possibly  enter. 

The  second  is  to  give  the  pipe  a  pitch  down  to  the  main 
house  drain  greater  than  the  angle  of  repose  for  dirt,  say  a 
little  over  45  degrees.  The  dirt  falling  in  will  then  slide 
down  into  the  house  drain  and  be  carried  to  the  sewer  by 
discharges  from  the  house  fixtures. 

The  third  is  to  so  arrange  the  pipes  that  periodical  flushes 
of  clean  water  will  pass  down  the  fresh-air  inlet  pipe,  and  so 
carry  away  all  dirt  accumulations.  This  may  be  accom- 
plished by  discharging  area  storm  water,  or  roof  water, 
into  the  inlet  pipe  above  the  dirt  accumulations. 
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The  first  general  mcthfxl  may  be  accomplished  by  cnntinu- 
f  ing  the  fresh-air  inlut  pipe  above  the  groimcl  and  protocting 
r  ita  orifice  with  a  hood  or  cowl.    This  plan,  although  perfectly 
stiitablc  fur  country  buildings  and  such  city  Imildings  as 
I  may  have  a  few  yards  of  open   ground   in  froiU  of  them,  is 
.  not  adapted  to  the  generality  of  city  work,  because  in  most 
cases  fresh-air  inlets  must  be  taken  from  points  where  con- 
siderable traffic  prevails,  and  ihcy  are  usually  in  the  way. 

Probably  the  best  arrangenn-ut  that  can  be  employed  for 
the  average  city  building  is  the  pcrfuratcd  li<»ll»w  hltuh- 
IfiE-powC  arrangement  ,/.  or  a  perforated  hollow 
stcpplnfc-block  arrangement  />',  Fig.  31C. 


It  will  t»e  seen  in  this  figure  that  there  is  no  danger  of 
I  obstractions  by  din  or  snow  lu  the  flow  of  air  through 
[cither  of  these  inlets.  As  the  hitching-post  and  the  step- 
Fping-block  arc  great  conveniences,  it  seems  reasonable  to 
I  tuppose  that  they  should  be  more  generally  employed  than 
I'lhey  are  at  present,  to  do  the  double  duly  of  affording 
laeconiniodaliun  to  carriages  and  acting 'as  fresh-air  inlets. 
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945.  The  student  will  observe  in  Figs.  311  and  312 
that  the  fresh-air  inlet  pipe  c  joins  the  trap,  and  the  fresh 
air  as  it  enters  the  system  is  thereby  caused  to  impinge 
upon  the  surface  of  the  water  in  the  trap.  This  method  of 
connecting  the  fresh-air  inlet  has  the  following  disadvan- 
tages : 

First — The  evaporation  of  the  water  in  the  trap  is  much 
more  rapid  than  it  is  when  the  fresh-air  inlet  is  connected 
to  the  house  drain  at  a  point  near  the  trap,  as  shown  in 
Figs.  313  and  314.  Of  course,  the  evaporation  that  takes 
place  in  either  method  of  connection  is  not  sufficiently  great 
to  decrease  the  seal  of  the  trap  to  a  dangerous  extent  when 
the  house  is  occupied  and  the  drainage  system  is  subject  to 
ordinary  use;  but  if  the  house  is  not  inhabited  for  any  con- 
siderable time,  and  the  plumbing  fixtures  consequently 
unused,  the  evaporation  from  a  trap  connected  as  shown  in 
Figs.  311  and  312  may  be  sufficiently  rapid  to  entirely  un- 
seal the  trap,  while  another  trap  of  the  same  shape  and 
dimensions,  if  connected  up,  as  shown  in  Figs.  313  and  314, 
and  otherwise  subject  to  the  same  conditions,  would 
probably  keep  its  seal  intact. 

Second — If  the  fresh-air  current  is  very  cold,  which  it 
certainly  will  be  during  the  winter  if  the  building  is  situated 
in  the  northern  part  of  the  United  States,  heat  will  be 
rapidly  absorbed  from  the  water  in  the  trap  by  the  cold  air 
impinging  upon  the  liquid.  The  tendency,  then,  will  be  to 
form  a  sheet  of  ice  over  the  water  in  the  inlet  side  of  the 
trap,  which  will  be  equivalent  to  a  temporarily  choked  drain, 
and  may  be  the  cause  of  much  damage. 

This  trouble  will  not  be  experienced  if  the  plumbing  is 
in  nearly  constant  use,  because  water  flowing  into  the 
trap  displaces  that  which  is  chilled  by  the  current  of  cold 
air. 

When  the  fresh-air  inlet  is  connected  a  few  feet  from  the 
trap,  this  danger  is  avoided  because  the  inlet  of  the  trap  is 
practically  a  short  dead  end  and  the  heat  of  the  trap  can 
only  be  transmitted  to  that  matter  surroundinjr  the  trap; 
the  current  of  cold  air  entering  the  drainage  system  doea 
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nnl  affect  the  temperature  of  the  water  in  the  trap  because 
there  is  do  circulation  in  the  deatl  end. 

Gases  generated  in  this  su-called  dead  end  will  diffuse 
with  the  fresh-air  current,  and  this  part  of  the  system  will 
actually  be  ventilated  by  diffusion. 

04B.  It  will  also  be  noticed  that  the  pipe  c  is  run  hori- 
lontalty,  or  nearly  so,  in  Figs,  ail  and  313.  This  is  an 
exceedingly  bad  feature  in  its  con.struction,  particularly  if 
its  orifice  of  inlet  is  flush  with  the  sidewalk,  as  is  often  the 
case  in  large  cities,  because  dust  and  other  street  sweepings 
arc  liable  to  enter  the  pipe  c  and  accumulate  in  the  bend,  as 
shown  at  s  in  Fig  ail,  and  thereby  partly  or  entirely  stop 
the  flow  of  fresh  air  into  the  drainage  system. 

To  avoid  this  danger,  the  fresh-air  inlet  pipe  should  (if 
possible)  be  nin  with  a  pilch  upwards  to  the  street  grating, 
as  shown  in  Fig.  313.         

VENTS  AND  SIPHONAGE. 
947.  The  water  which  seals  a  trap  is  very  apt  to  be 
■awn  out  by  the  suction  of  the  water  which  passes  down 
the  waste  pipe,  unless  some  means  be  used  to  destroy  the 
Suction.  The  waste  water  should  always  be  driven  through 
the  trap  by  hydraulic  pressure,  instead  of  being  pulled 
through,  as  it  were,  by  suction.  Suction  can  be  entirely 
prevented  by  attaching  an  "air,"  or  "vent  pipe,"  as  shown 
at  a  in  Fig.  317.  The  effect  «f  Hlpltonatce  is  shown  in 
Fig.  318.  The  su 
will  continue  unli 
level  of  the  Iki 
jvater  falls  below 
itongue  of  thr  Ir: 
pB,  when    air  will  ' 

lOd  slop  the  sut 
The  water  l>etwe 
and  c  still  has 

irable    m  o  ra  c  n  t  u 
pod    some    of    it    ^ 
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pass  over  r,  but  the  remainder  will  fall  back  into  the  lower 
bend.  The  quantity,  however,  is  too  small  to  fill  the  bend ; 
consequently,  an  opening  is  left  which  permits  the  backflow 
of  sewer  gas,  as  shown  by  the  arrow. 

948.  The  back-vent  pipe,  that  is  to  say,  the  pipe 
which  joins  the  crown  of  a  trap  and  leads  to  the  outer  at- 
mosphere, either  directly  or  by  being  connected  to  a  special 
vent  stack,  does  a  double  duty.  It  not  only  prevents  the 
seal  of  the  fixture  trap  from  becoming  siphoned  down  to  a 
dangerous  extent,  as  shown  in  Fig.  318,  but  also  acts  as 
a  ventilating  pipe  to  remOve  gases  of  putrefaction  or  foul 
air  from  the  waste-pipe  branch  to  the  fixture.  If  drain  air 
is  allowed  to  accumulate  in  a  branch,  or  dead  cnd^  the 
metal  composing  such  a  pipe  will  soon  be  corroded  through 
and  leaks  will  thus  be  formed.  Lead  especially  is  very  sus- 
ceptible to  drain  or  sewer  gases,  and  unventihited  leaden 
drain  or  waste  pipes  soon  become  honeycombed  with  numer- 
ous small  **pittings;"  the  lead  becomes  quite  rotten  and 
brittle.  When  back-vent  pipes  are  properly  applied,  they 
not  only  ensure  uniform  trap  seals,  but  also  prolong  the  life 
of  the  pipes. 

949.  It  sometimes  occurs  that  a  certain  fixture,  such  as 
a  wash-basin  or  set  of  laundry  tubs,  is  located  in  such  a 
position  that  it  can  not  be  properly  back-vcntcd  without 
enormous  expense  and  annoyance.  In  such  a  case  the  best 
thing  to  do  IS  to  attach  an  aiiti-slplion  back-vent.  This 
apparatus  is  simply  a  light  check-valve  sealed  in  mercury. 
It  is  connected  to  the  crown  of  the  traf),  and  the  check- 
valve  is  so  arranged  that  when  the  pressure  in  the  crown 
of  the  trap  l)econies  much  less  than  that  of  the  atmosphere, 
the  valve  will  l)e  raised  out  of  the  mercurv  and  air  will 
How  in  to  break  the  siphonage.  The  valve  will  tlien  fall  in 
the  mercury  and  thus  become  sealed  air-tight.  Anti-siphon 
arrangements  are  not  recommended  by  us  because  of  the 
manv  wavs  bv  which  thev  mav  be  rendered  not  onlv  useless, 
but  positively  dangerous.  For  examj)](^,  the  valve  may 
stick  or  the  mercury  may  be  lost  or   stolen   from  the  cup, 
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and  drain  gases  would  then  flow  through  the  valve  and 
into  the  building.  Another  objection  is  the  fact  that  the 
waste  pipe  of  any  fixture  which  is  fitted  with  an  anti-siphon 
arrangement  is  really  a  dead  end.  and  no  ventilation  is 
present  except  a  slight  displacement  of  the  foul  air  when 
ihc  fixture  is  heavily  flushed. 


SOIL.    WASTE.  AND  VENT  PIPES. 

950>  Waste  plpex  are  the  pipes  that  convey  waste 
water  from  any  or  all  the  fixtures  in  a  building  except  the 
watcr-cliwels.  If  their  length  exceed  4  or  5  feet  they  are 
usuaUy  made  of  cast  iron.  A  general  custom  in  the  United 
Stales  is  to  make  all  stacks  or  vertical  lines  of  pipes  of  cast 
iron,  with  spigot  and  socket  joints,  or  of  wrought  iron  or 
steel  pipe  having  screwed  joints  and  flush  fittings. 

The  branch  pipes  through  which  the  fixtures  discharge 
into  the  stack  are  made  of  lead,  if  short.  If  more  than  5  feet 
in  length,  and  without  too  many  changes  in  direction,  an 
iron-pipe  branch  is  generally  carried  to  a  point  suitable  for 
s  leail-pipe  connection  to  the  fixture.  The  reason  why  lead 
waste-pipe  connections  are  generally  made  to  the  fixtures  is 
because  the  lead  can  be  bent  to  suit  any  position,  and  forms 
a  pliable  connection  which  will  not  break  the  fixture  owing 
to  a  small  settlement  of  the  pipes  or  building.  The  pipe 
should  have  a  good  fall  towards  the  stack  to  secure  a  rapid 
flow  of  water.  The  Y  branch  of  the  stack  should  be  located 
as  low  down  as  practicable,  and  the  waste  pipe  may  be  run 
between  the  floor-beams. 

The  waste  pipes  from  baths  and  basins  should  be  directly 
connected  to  the  soil-pipe  stack,  and  should  not  be  connected 
to  the  water-closet  branch. 

Waste  pipes  of  lead  should  not  be  wiped  or  connected  at 
right  angles,  but  always  at  a  smaller  angle  which  will  favor 
the  passage  of  matter  towards  the  outlet,  so  that  the  water 
which  is  being  discharged  from  one  waste  pipe  can  not  back 
up  into  some  other  pipe,  because  it  will  form  deposits  in,  and 
choke  up,  the  other  pipe. 
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The  waste  pipes  from  safes  should  not  be  connected  to  a 
soil  or  vent  stack.  They  should  discharge  openly  at  some 
conspicuous  place  where  the  least  indication  of  a  leak  will  be 
quickly  made  apparent. 

The  waste  pipe  from  a  refrigerator  should  not,  under  any 
circumstances,  be  connected  to  a  soil  or  vent  pipe,  but  should 
discharge  at  some  clean  place. 

The  overflow  from  a  house  tank  or  cistern  should  not  be 
discharged  into  a  drain  or  soil  pipe,  but  should  discharge 
openly  in  a  place  where  the  overflow  will  be  seen. 

Urinal  waste  pipes  should  be  as  short  as  possible.  They 
should  be  well  supplied  with  screw  caps,  to  afford  easy  access 
to  the  pipe  for  cleaning-out  purposes,  as  a  thick  slime  accu- 
mulates in  such  pipes. 

951*  The  proper  sizes  of  i^vaste  pipes  for  various 
uses  are  as  follows  : 

Bath  waste,  1^'  to  2'  in  diameter. 

Basin  waste,  lY  to  1^'  in  diameter. 

Urinal  waste,  1:^^''  to  IV  in  diameter. 

Wash-tubs,  ly  branch  and  2'  trap  for  three  tubs,  the  trap 
taking  one  tub. 

Sink  waste,  l^*'  to  2"  in  diameter. 

Pantry-sink  waste,  1^  in  diameter. 

Safe  waste,  1'  to  ly  in  diameter. 

Water-closet  trap,  sy  to  sy  in  diameter. 

Soil-pipe  stack,  4="  to  5^  in  diameter. 

Branch  to  closet  from  soil-pipe  stack,  4*^  in  diameter. 

Sink  and  tub  stack,  2'  to  'd"  in  diameter. 

952.  Soil  and  vent  pipes  should  run  vertically  if 
practicable,  and  if  they  must  be  run  otherwise,  they  should 
be  inclined  not  less  than  1  foot  in  40  feet.  All  bends 
and  curves  should  be  made  of  large  radius.  Where  an 
offset  has  to  be  made  in  a  soil  or  vent  pii)e,  it  is  advisable 
to  use  two  obtuse-angled  bends  />,  />,  as  shown  in  Fig. 
319.  Right-angle  elbows,  as  at  ^,  should  not  be  used  for 
this  purpose. 

All  branches  to  waste  pipes  and  connections  to  the  main 
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drains  should  he  made  wi 
Twanches  al  right  angles,  as 
shown  in  Fig.   :}20. 

The  Y  branch  A  should  be 
inclined  in  the  direction  of 
the  fluvr,  that  is,  downwards 
towards  a  soil  [>ipc,  and  up- 
wards towards  a  vent  pipe. 
■By  inserting  an  eighth  bend 
^into  the  Y  branch,  one  pi|K' 
can  be  connected  to  another 
at  right  angles  in  a  proper 
laoner. 

All  soil  pipes  should  ex- 
tend through  and  above  the 
roof,  thus  f-.irming  foul-air 
outlets.  The  diameter  of 
the  pipe  must  be    increased  f,o.  ^tu. 

before  it  passes  through  the  rouf,  because  the  warm  air  and 
vapor  which  rise  in  it  will  be  condensed  and  in  cold  weather 
;  outdoor  end  of  the  pipe  will  become 
I  lined  with  ice.  The  formation  of  ice  will 
I  continue  until  the  mouth  of  the  pipe 
may  be  choked.  By  enlarging  the  pipe, 
the  time  required  to  choke  it  is  greatly 
prolonged. 

Thus,   a   4-inch   stack    should   be  in- 
creased to  5  inches  diameter  at  the  roof, 
as  shown  in  Fig.  321.     The  hub  of  the 
fi-inch  piece  B  should  extend  above  the  roof  to  the  e.ttent 
shown  or  slightly  lower.     The  opening   through   the  roof 
■hould  be  made  water-tight  by  means  of  the  flashing  /■'  of 
sheet  lead.     This  should   be  extended  upwards  under  the 
shingles  or  slates  A  and  be  securely  nailed  to  the  roof  boards. 
The  hole  for  the  pipe  C  should  be  flanged  downwards  into 
the  hub  of  B,  so  that  when  the  joint  is  calked  with  oakum 
]  lead,  a  perfectly  water-tight  joint  will  be  made  with  the 
lashing.     Care  must  be  taken,  when  dressing  the  sheet  lead 
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into  the  socket,  or  when  calking  the  joint,  not  to  cut  the 
sheet  lead  against  the  sharp  edge  of  the  socket. 


953.  If  a  cowl  or  vent  cap  of  the  ordinary  pattern  is  at- 
tached to  the  top  of  the  vent  pipe,  as  shown  at  ti  in  Fig.  323, 
ice  will  soon  be  formed  within  the  cold  exposed  pipe,  as  at 
d,  of  sufficient  thickness  to  entirely  close  the  airway  c,  as 
shown. 

The  air  passage  through  this  form  of  a  cowl,  as  it  is  at 
present  placed  upon  the  market.  Is  altogether  too  small, 
being  only  about  one-half  or  three-fourths  of  an  inch  wide, 
and  it  soon  becomes  so  choked  with  ice  as  to  almost  entirely, 
if  not  quite,  stop  ventilation.  Whether  the  pipe  is  fitted 
with  a  vent  cowl  or  not,  there  will  be  more  or  less  danger  of 
chokage  by  frost,  but  the  danger  is  greatest  when  cowls  are 
ns'jd. 

In  exceedingly  cold  parts  of  the  country,  it  is  best  to  avoid 
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caps  or  cowls  if  pttssibli 
a  with  an  open  top,  as 
shown  in  Fig.  '^'i,'^,  .ind 
it  is  well,  even  then,  to 
protect  the  exposed  pipe 
with  some  non-contUicL- 
ing  material  6,  such  ,is 
mineral  wool  or  hnir  fcti 
protected  against  r.iin. 
snow,  and  wind  hy  i; 
impervious  c  o  v  c  r  i  n  - 
which  is  shown  flanK-'l 
on  to  the  flat  roof,  and 
snldcred  down,  its  top 
being  doubled  over  the 
hubs  and  secured  water- 
tight by  lead  and  oakum 
calking. 

954.  All  branch 
pipes  should  ho  venti- 
lated. This  is  usually 
accomplished  by  attaching 


nly  the  straight  pipp 


cnt  pipe  to  the  cruwn  of  each 
trap.      It  will  relieve  the 
pipe  from  accumulations 
i)(    foul    gas.    secure     a 
steady  current  of   fresh 
'__    air  through  it,  and  prc- 
-  *     vent    the    scaling    water 
~       from  being  sucked  out  of 
the  traps  by  siphonage. 

The  separate  vent 
pipes  should  be  connect- 
ed to  one  vent  slack 
unless  the  horizontal  dis- 
tance to  be  traveled  is  so 
great  that  a  good  draft 
can     not     be     secured. 
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Local  vents  must  not  be  connected  to  the  vent  stack. 
Rain-water  leaders  should  not  be  used  for  vent  pipes.  Vent 
pipes  must  be  connected  to  that  side  of  the  trap  which  is 
between  the  seal  and  the  soil,  or  drain,  pipe. 

955.     The  proper  mode  of  connecting  the  vent  pipe  is 
shown  at  A    in  Fig.  324.     A  common   but  improper  vent 
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connection  is  shown  at  D  in  the  same  ligure.  When  a  large 
volume  of  water  enters  the  trap  suddenly,  it  will  drive  up 
into  the  part  7^,  and  if  it  carries  grease,  soap,  or  refuse  with 
it,  it  will  be  deposited  in  />,  as  shown.  After  a  time  the 
vent  will  become  choked  and  perhaps  entirely  closed.  If 
the  vent  pipe  be  attached  as  shown  at  A^  the  current  of 
water  will  tend  to  create  a  suction  and  a  downward  current 
in  the  vent  pipe,  which  will  prevent  the  deposit  of  any  grease 
or  refuse  at  that  point. 

The  vent  pipe  should  be  attached  to  the  stack  at  such  a 
height  that,  in  case  the  waste  pipe  becomes  choked,  the 
waste  water  can  not  pass  through  the  vent  pipe  into  the  stack 
without  filling  the  fixture  and  thus  giving  notice  to  the 
householder  that  something  is  wrong.  It  also  prevents  an 
overflow  by  the  discharge  of  waste  water  from  the  floors 
above.     This  is  illustrated  in  Fig.  325. 

956.  The  kitchen  sink  A  is  connected  to  the  waste  and 
vent-pipe  stacks  B  and  C,     The  waste  stack  is  choked  at 
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the  point  D,  and  waste  water  from  the  sinks  above  rise 
in  the  waste  branch  li 
nio  the  vent  pipe  C; 
Jience  into  the  drain,  to 
which  it  is  connected  at 
ts  base.  The  cause  of  the 
chokage  at  D  is  presum- 
ibly  oakum,  driven  into 
the  pipe  by  a  careless 
workman,  which  accumu- 
iates  falling  solid  bodies 
until  the  pipe  is  entirely 
Josed.  Tea  leaves  and 
coffee  refuse  make  the 
thokage   water-tight,      it 

mtnon  practi.  e 
plumbers  to  run  the  ba.  k- 
Fent  pipe  in  all  cases  hit;hir 
than  the  fixture  whiib  it 

'entiUtes.      This   pra<.tii<^ 

not     objectionable     in 

lall  buildings  or  in  pri- 

'ate -re  side  nee    work,    but 

decidedly  objectionable 

;n  tenement  and  apartmen 

he  buildings  are  lall. 
If  the  back-vent  branches  be  loo  low,  ihe  dangerous  slate 

\i  affairs  already  explained   may  go   on    unnoticed,   until 

inally  the  system  becomes  so  clogged  that  the  sewage  will 

t  last  show  itself  somewhere. 

f>57*  A  Intiol  vent  is  a  device  for  creating  an  outward 
urrent  of  air,  for  the  purpose  of  carrying  away  the  offen- 
ive  odors  which  arise  in  the  bowl  of  a  water-closet,  urinal, 
>r  other  fixture.  It  is  attached  between  the  fixture  and  the 
trap,  or  to  ihc  fixture  itself. 

Local  venls  should  never  be  connected  to  the  main  vcnti- 
bttng  stack  or  to  any  trap  or  soil-pipe  vent,  because  if 
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they  are  so  connected  the  gases  from,  the  soil  pipe  will  be 
tlriven  back  into  the  house  during  stormy  or  windy  weather. 
To  secure  a  current  of  air  that  will  be  effective,  the  local 
vent  pipe  should  be  carried  upwards,  inside  of  a  chimney 
flue  which  is  in  constant  use,  or  the  pipe  may  be  run  out- 
side, but  close  against  the  flue,  so  that  the  heat  of  the  chim- 
ney will  help  to  create  a  draft.  The  outlet  of  the  pipe  should 
have  a  cowl  to  prevent  the  wind  from  blowing  downwards 
in  it.  A  local  vent  is  useless  without  a  good  draft.  The 
pipe  should  not  be  less  than  2  inches  in  diameter  for  one 
closet  or  urinal,  3  inches  for  two  or  three  closets  or  urinals, 
and  4  inches  in  diameter  for  4  or  5  closets  or  urinals,  if  its 
length  is  not  over  50  feet.  It  should  be  larger  if  the  pipe  is 
much  longer  or  if  it  contains  a  number  of  bends. 


DRAINS. 

9S8.  Drains  should  have  a  uniform  pitch  or  fall 
throughout  their  length.  The  line  of  pipe  must  not  have 
any  part  of  it  run  on  a  level,  nor  should  it  he  allowed  to 
have  any  part  of  it  sag  below  the  general  inclination,  so 
that  a  pocket  can  be  formed  in  which  water  will  lie.  The 
proper  inclination  or  pitch  to  be  given  to  drains  varies  with 
the  diameter  of  the  pipe,  being  greatest  for  the  smallest 
diameter. 

The  inclination  should  be  enough  to  give  the  water  a 
velocity  of  about  275  feet  per  minute,  A  less  velocity  will 
fail  to  carry  along  the  solids  which  usually  accompany  the 
water. 

The  proper  fall  for  each  size  of  pipe  is  given  in  the  follow- 
ing tabic,  1  foot  of  fall  being  allowed  for  the  length  given 
under  each  diameter: 


TABLE 

3fi 

. 

•^ 

., 

30 

-t 
41 

5 
50 

7„ 

70 

8 

7o 

Length  to  1  ft.  of  fall.. 

lOf)  feet. 
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,1.^3 


(■itha 


Thus,  a  pipe  3  inches  in  diameter  shouk!  be  1 
minimum  fall  of  1  foot  in  30  feet  of  length. 

The  proper  diameter  of  the  pipe  to  be  used  for  a  drain  is 
a  matter  which  requires  careful  consideration.  The  pipe 
should  be  large  enough  to  carry  off,  within  reasonable  time, 
the  largest  quantity  of  water  that  will  ever  be  turned  into 
the  drain;  yet,  it  must  not  be  so  large  that  the  ordinary 
flow  of  water  will  fail  to  float  and  carry  along  the  refuse 
that  ordinarily  accompanies  the  water. 

Thus,  the  quantity  of  water  which  would  run  properly  in 
a  5'  pipe  would,  if  passed  through  a  !)*  pipe,  he  su  shallow 
that  it  would  not  float  and  carry  the  refuse  along.  This 
may  be  seen  by  observ- 
ing the  difference  in 
depth  between  the 
water  in  the  5'  pipe, 
shown  in  section  in 
Pig.  326,  and  the  same 
quantity  in  the  9'  pipe, 
shown  in  section  in 
Fig.  327.     In  Fig.  32i;       ""■•  **■  »""•  *«■ 

the  solids  discharged  from  the  water-closets  can  easily  be 
floated  and  carried  along  with  the  current  without  even 
touching  the  pipe.  Since  they  do  not  touch  the  pipe  and 
arc  submerged  in  the  center  of  the  moving  water,  it  follows 
that  they  must  move  forwards  as  fast  as  the  water  which 
surrounds  them. 

In  the  0'  pipe,  however,  with  the  same  quantity  of  water, 

the  solids  will  touch  the  pipe,  because  the  water  is  not  deep 

I  enough  to  properly  float  them.     The  adhesion  of  the  solids 

I  to  the  pipe  will  create  snch  a  resistance  to  their  movement 

\  that  the  water  will  soon  flow  ahead  and  leave  them  behind, 

where  they  will  remain  until  another  flush  conies  and  moves 

them  forwards  a  little  further, 


959.  The  velocity  with  which  water  will  flow  through 
I  a  pipe  will  depend  upon  the  degree  to  which  it  fills  the  pipe. 
I  This  is  shown  by  the  diagram.  Fig.  328.     If  the  level  of  the 
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flowing  water  is  at  Z>,  and  the  length  of  the  line  D  £  h 
taken  to  represent  the  velocity  of  the  current,  then  the 
velocity  of  a  quantity  of  water  which  fills  the  pipe  only  to 
the  level  -Fwill  be  equal  to  the  line  F  G,  The  difference  is 
largely  due  to  the  relatively  greater  friction  of  the  smaller 
stream,  the  proportion  between  the  wet  surface  of  the  pipe 
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and  the  quantity  of  the  water  being  much  greater  at  the 
level  F  than  at  the  level  D. 

It  will  be  noticed  that  when  the  pipe  is  about  three-quarters 
full  the  maximum  velocity  is  attained. 

A  diameter  of  4  inches  is  usually  sufficient  for  a  drain  for 
an  ordinary  small  dwelling;  if  the  rain  pipes  empty  into  it, 
a  5  or  G-inch  pipe  should  be  used. 

960.  Care  should  be  taken  to  lay  drain  pipes  in  a  straight 
line.     Every  length  of  earthenware  pipe  should  be  cemented, 
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Fig.  320. 

thoroughly  cleaned,  and  examined  inside  before  proceeding 
with  the  next  piece. 
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When  laying  earthenware  pipe  care  shoulil  be  taken 
that  no  cement  is  left  projecting  inside  the  pipe  as  at  r, 
?ig.  32!).  The  inside  surfaces  of  the  pipe  should  He  flush 
ind  true  as  at  /.  AH  bends  and  curves  should  he  of  large 
adius.  Right-angled  branches  and  sharp  turns  should  be 
rvoided. 

Drains  should  not  pass  under  a  dwelling  if  it  can  possibly 
K  avoided.  If  the  drain  pipe  passes  through  or  under  a 
ndalion  wall  of  a  building,  a  liberal  allowance  must  be 
made  for  the  probable  settlement  of  the  wall.  In  new  build- 
ings and  upon  made  ground  the  settlement  is  likely  to  be 
considerable. 

Steam  or  very  hot  liquid  should  not  be  discharged  into 
an  ordinary  drain.  If  there  is  much  steam  or  hot  liquid  to 
>e  carried  away,  a  special  drain  should  be  made  for  the  pur- 
josc.  It  must  never  be  discharged  into  a  street  sewer 
inless  the  liquid  is  first  cooled  off. 

961.  All  drains  should  be  provided  with  Innpectlon 
pleceH  and  cleanlni;  boles,  through  which  the  interior  of 
:he  pipe  can  be  seen,  and  through  which  cleaning  tt>ols  can 


e  introduced.  Care  should  be  taken  in  locating  these  pieces 
r  handholes  that  sufficient  room  is  provided  around  them 
3  handle  the  cleaning  tools. 

'  Such  an  inspection  piece  is  shown  in  Fig.  330.  The 
^ver  A  is  secured  by  bolts,  and  is  made  air-tight  by  a 
ttbber  or  other  suitable  gasket  A".  These  fixtures  should  be 
icated  at  each  bend  in  a  main  drain,  so  that  every  part 
(  the  drain  may  be  examined  with  a  lamp  and  mirror  when 
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desired.  The  inspection  piece  shown  in  Fig.  330  is  particularly 

adapted  for  placing  at  regular 

intervals  of    75    to   100   feet 

along  a  straight  underground 

drain,  where  it  would  be  built 

in  a  brick  manhole  about  3  feet 

long  by  2  feet  wide. 

Two  elbows  with  an  inspec- 
tion    hole    and      covers    are  ^'^^  ^^' 
shown  in  Fig.    331.     A    is   suitable   for  joining  two  hori- 
zontal drains,  while  B  is  suitable  for  a  vertical  and  horizontal 
junction. 

FLUSHING    DRAINS. 

962.  Drains  should  be  flushed  periodically,  to  wash  them 
clean  and  remove  all  accumulations  of  filth.  To  do  this 
properly,  a  large  volume  of  water  is  necessary,  and  it  should 
be  released  suddenly.  The  flow  should  be  sufficient  in 
volume  to  completely  fill  the  bore  of  the  pipe,  and  the  head 
should  be  great  enough  to  insure  a  swift  and  forcible  current. 

963.  Automatic  f lusbing  tanks  for  this  purpose  arc 
constructed  to  receive  and  store  the  water  from  the  roofs, 
and  sometimes  the  water  from  the  wash-bowls  and  bath-tubs 
is  stored  in  a  tank  of  this  kind.  When  the  tank  becomes 
full,  it  discharges  itself  in  a  strong,  steady  stream,  thus 
effectually  scouring  the  drain  to  which  it  is  attached. 

The  construction  of  an  apparatus  suitable  for  the  purpose 
is  shown  in  Fig.  332.  The  tank  A  is  built  of  brick  and  is 
lined  with  Portland  cement  or  asphaltum,  to  make  it  water- 
tight. It  is  circular  in  form,  the  bottom  is  arched  as  shown, 
and  a  manhole  with  cover  and  air  vent  is  provided  at  the 
top.  The  outlet  is  controlled  by  a  siphon  composed  of  outer 
and  inner  pipes  />  and  C,  which  arc  fastened  together  by 
suitable  brackets.  The  foot  of  the  siphon  rests  in  a  tapered 
socket  D.  When  the  water  rises  to  the  level  of  the  top  of  the 
tube  Cand  begins  to  overflow,  the  air  is  quickly  driven  out 
of  the  tube,  and  the  siphon  thus  starts  itself,  and  the  flow 
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IcoatiDUes  until  the  water  falls  below  the  end  of  the  outer 
Itube  B.  The  diameter  of  the  pipe  C  should  nearly 
I  equal  the  diameter  uf  the  drain  pipe,  which  is  to  be  flushed, 
0  that  the  water  will  pass  through  in  a  nearly  solid  column 
I  until  the  tank  is  emptied. 

The  lank  in  Fig.  3:13  is  shown  built  in  the  ground  at  the 


Fia.  sat. 

rear  of  a  building,  of  which  F  is  the  back  wall  and  G  the 

I  back  area.     The  trap  H,  which  forms  the  top  end  of  the 

l:liouse  drain  and   receives  area  water  thp-High  the  surface 

Ijgrating  shown,  also  receives  the  discharge  from   the  tank 

land   at  the  same   time   disconnects   it  from  sewer   gases. 

The  tank  is  filled  by  roof  water  through  the  conductor  /. 

The  head  of  the  laner  sipbou  tub«  C  should  be  cun- 

Euructed  as  shown  in  Pig.  '.\Wi.     The  object  of  this  peculiar 

■construction  is  that  the  water  which  flows  over  the  rim  of 

fthc  funnel  shall  be  concentrated  at  the  center  of  the  pipe, 

:hu8  expelling  the  air  from  the  pipe  more  effectively  than 

lit  could  do  if  it  ran  down  upun  the  inside  surface  of  the 


The  seal  <>f  the  trap  /  should  l»e  about  J  of  an  inch  or 
I  its  only  use  is  to  bold  back  the  air  which  is  driven 
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through   by   the   siphon   while  starting.      To  prevent   the 

siphon  from  running  constantly,  and  pass- 
ing a  volume  of  water  equal  to  that  flowing 
in — in  other  words,  to  completely  break  the 
siphonic  action  at  the  end  of  a  flush — a  small 
pipe  siphon  is  sometimes  attached  to  drain 
the  water-line  of  the  trap  below  the  bot- 
tom of  the  inner  tube  C,  so  that  air  may 
gain  free  admission  into  the  siphon.  This 
small  siphon  is  started  by  the  flushing  of 
the  larger  one. 

The  siphon  may  be  started  by  hand  at 
Fig.  883.  any  time,  by  raising  it  from  its  seat  in  D 

and  thus  starting  the  flow  through  the  trap  J.  The  cur- 
rent thus  generated  is  sufficient  to  start  siphonage  as  soon 
as  the  siphon  is  dropped  back  into  its  socket.  There  are 
many  other  forms  of  flushing  tank  apparatus  on  the  market, 
and  many  of  them  are  more  positive  than  the  form  shown. 
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LEAD  BURNING, 


APPARATUS. 
96-1.     The  process  called  burnliiE  is  used  for  joining 
the  edges  of  lead  sheets  or  jiipes  without  solder.     The  edges 
are  fused  lo  an  extent  which  permits  the  parts  to  unite  and 
,   form  one  si)lid  piece  when  cooled.     This  process  is  known 
the  autoifenuutt  pruceewi,  and  although   it  has  been 
practised  for  centuries,  it  is  used  far  less  at  the  present  day 
than  it  should  be.     It  affords  a  quick  and  cheap  method  of 
making  lead  joints  of  the  most  durable  character,  and  it 
may  be  used  with  profit  in  many  cases  instead  of  the  solder- 
ing process  now  commonly  employed. 
Soider  can  not  be  used  for  joints  which  are  exposed  to 
1  contact  with  acids,  because  most  of  the  ordinary  acids  will 
I  dissolve  the  tin,  of  which  the  solder  is  in  part  composed. 

Tanks  which  are  used  for  the  manufacture  or  storage  of 
I  acids  or  acid  salts,or  for  the  storage  of  mineral  oils,  petroleum, 
I  etc.,  arc  usually  lined  with  lead.    The  joints  in  these  linings, 
and  in  all  of  the  [cad  pi[>es  which  are  used  for  the  same  pur- 
pose, must  be  made  by  burning. 

The  operation  is  performed  by  melting  the  edges  to  be 
[  joined,  a  drop  at  a  time,  by  means  of  a  blowpipe.  It  is 
I  essential  that  the  flame  which  is  used  shall  not  oxidize  or 
'  tarnish  the  metal.  If  the  drop  of  melted  metal  does  oxidize, 
rill  not  unite  with  the  solid  parts,  and  the  joint  will  be 
i  it  failure. 
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The  most  certain  and  convenient  way  to  secure  a  non- 
oxidizing  flame  is  to  use  hydrogen  gas  mixed  with  air  to 
supply  the  blowpipe.  Other  methods  may  be  employed,  but 
none  are  so  convenient  as  the  hydrogen  gas  process. 

065.  The  apparatus  required  for  lead  burning  consists 
of  a  gas  generator,  an  air  pump,  and  storage  tank,  or 
"  holder, "  and  a  compound  blowpipe.  The 
internal  construction  of  a  generator  and 
gas  holder  is  shown  in  Fig.  :t:t4.  The  gas 
generator  consists  of  an  open  chamber  a, 
which  is  lined  with  lead,  and  a  lower 
chamber  ^,  also  lined  with  lead,  and  which 
is  made  air  or  gas-tight.  A  perforated 
pan,  or  tray,  c  is  suspended  an  inch  or 
more  above  the  bottom.  The  upper  and 
lower  chambers  are  connected  by  a  lead 
pipe  d,  which  extends  below  the  pan  t,  as 
shown.  The  chambers  are  protected  by  a 
stout  wooden  casing  against  injury  or  ac- 
cidents; the  casing  also  serves  to  retain 
the  heat  which  is  generated  in  i  while 
The  gas  passes  upwards  through  the  bent 
pipe,  which  dips  about  ^  inch  below  the  water  that  is  con- 
tained in  the  chamber  c.  Thus  the  gas  is  compelled  to 
bubble  upwards  through  the  water  before  it  passes  out  of  the 
cocky"  to  the  blowpipe.  This  arrangement  constitutes  a  _^r^ 
/ra/>  which  will  prevent  an  explosion  in  the  hose  from  firing 
the  gas  in  the  machine.  In  order  to  regulate  the  height  of 
the  water  in  e,  a  small  pet-cock,  or  plug,  ^  is  provided. 

966.  To  m.ike  gas,  a  quantity  of  commercial  zinc,  in 
lumps  from  1  to  'i  inches  long,  is  placed  in  the  coi)per  pan  c. 
The  plug  /t  is  then  screwed  into  place  and  made  gas-tight, 
and  the  gas  cock  /  is  opened.  Having  previously  ascer- 
tained, by  experiment,  the  quantity  of  water  which  will  ex- 
actly fill  the  chamber  ^,  a  mixture  of  five  parts  of  water  and 
one  part,  by  volume,  of  commercial  sulphuric  acid  is  pre- 
pared.    A  quantity  of  this  mixture,  which  will  just  fill  the 
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chamber  b,  is  then  poured  into  the  upper  chamber  a  and 
allowed  to  flow  into  //.  The  generation  of  gas  will  begin  as 
soon  as  the  acid  mixture  encounters  the  lumps  of  zinc  in  the 
pan  c,  liut  as  the  cock  /  is  open  the  liquid  will  all  flow 
into  and  entirely  fill  ^,  thus  forcing  the  air  in  A  to  the 
atmosphere. 

When  i  has  been  entirely  filled,  that  is,  when  all  the  liquid  ' 
poured  into  a  has  flowed  into  6,  and  gas  and  liquid  spurt  out 
of  the  cock  /,  the  cock  is  closed,  aud  the  rubber  tubing 
which  is  to  conduct  the  gas  to  the  blowpipe  is  then  attached 
toy.     The  gas  generated  in  ^  will  now  rise  to  the  surface,     \ 
and  by  accumulating  there  will  force  the  liquid  up  the  tube     i 
e/and  intofl.     The  pressure  of  the  gas  will  increase  with  the 
height  of  the  liquid  column  in  rf  and  a.     As  soim  as  the 
liquid  in  #  is  forced  below  the  perforated  pan  the  formation 
of  gas  will  cease,  and,  of  course,  at  this  point  the  maximum 
pressure  of  the  gas  will  be  obtained.     The  machine  will  then 
be  ready  for  use. 

The  object  of  blowing  the  air  out  of  d  before  allowing  gas 
to  accumulate  is  to  prevent  a  mixture  of  air  and  gas,  which 
is  explosive,  and  which,  if  ignited,  may  blow  the  machine  to 
pieces  and  injure  or  probably  kill  the  workman. 

The  machine  should  not  be  allowed  to  stand  over  night 
with  a  charge  of  liquid  in  it,  because  it  will  clog  up  with  a 
deposit  of  sulphate  of  zinc.  As  soon  as  the  workman  is 
finished  for  the  day,  the  drain  plug  i  should  be  removed  and 
the  apparatus  emptied  of  liquid.  Two  pails  of  clean  water 
should  be  run  through  it  to  remove  the  deposits  and  cleanse 
it. 

The  utmost  care  must  be  taken  to  keep  the  chamber  B 
perfectly  air-tiglit.  Its  tightness  should  be  frequently 
tested  by  shutting  the  cock/" and  filling  the  upper  chamber 
with  clean  water,  allowing  it  to  stand  for  at  least  one  hour 
and  taking  note  of  the  exact  height  of  the  water.  If  the 
water  sinks  during  the  test,  a  leak  is  surely  indicated ;  and 
if  a  leak  exists,  the  machine  must  be  examined  until  the  leak 
is  found  and  repaired.  A  very  slight  leak  may  cause  a 
disastrous  explosion. 
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967.  The  zinc  which  is  used  for  making  gas  should  be 
of  the  ordinary  commercial  quality.  Pure  zinc  works  very 
slowly,  and  is  not  satisfactory.  About  3  ounces  of  zinc  will 
furnish  one  cubic  foot  of  gas.  The  charge  of  zinc  should  be 
about  20  to  25  pounds  for  a  machine  that  is  intended  to  run 
all  day. 

A  generator  of  convenient  size  would  be  about  10  inches 
square,  and  33  to  3G  inches  high.  A  larger  machine  would 
be  advisable  for  heavy  work.  If  the  amount  of  liquid  con- 
tained in  a  generator  is  small  in  proportion  to  the  amount 
of  zinc,  it  will  soon  become  saturated  with  the  sulphate  of 
zinc  which  is  formed  during  the  process  of  making  gas,  and 
the  evolution  of  the  gas  will  cease.  Considerable  heat  is 
liberated  while  the  gas  is  forming,  and  the  generator  works 
best  while  hot.  As  soon  as  the  temperature  falls,  the  sul- 
phate will  begin  to  crystallize  and  will  form  a  coating  all 
over  the  pieces  of  zinc;  it  may  clog  up  the  holes  in  the 
pan  r,  or  it  may  even  choke  up  the  inner  end  of  the  delivery 
pipe  d. 

This  clogging  may  occur  while  the  workman  is  away  at 
dinner.  If  the  liquid  is  not  nearly  saturated  with  sulphate, 
or  **  spent,"  it  should  be  driven  back  into  the  upper  chamber 
by  attaching  the  air  pump  to  /"and  pumping  air  into  h\  by 
inserting  a  wooden  plug  in  the  top  of  d  the  liquid  can  be 
held  in  a  as  long  as  desired.  Then  the  zinc  can  be  taken 
out  and  washed  clean  with  hot  water.  Care  must  be  taken 
to  force  the  air  out  of  the  machine,  as  previously  directed, 
before  resuming  work. 

Explosions  of  hydrogen  gas  mixed  with  air  are  very 
violent,  and  care  must  be  taken  at  all  times  to  keep  away 
all  lights  or  fires  from  the  vicinity  of  the  generator  while 
opening  it,  or  while  blowing  out  any  gas.  This  danger  is 
probably  the  chief  drawback  to  the  use  of  the  machine,  but 
in  the  hands  of  careful  workmen  no  trouble  is  likclv  to 
happen. 

968.  The  air  supply  necessary  to  operate  the-  blowpipe 
may  be   furnished  by  a  bellows  or  a   blower,  or  almost  any 
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kind  of  a  pump,  but  lo  operate  the  blowpipe  to  the  best  ad- 
Tantagc,  the  air  blast  should  be  perfectly  steady  and  smooth. 


:  the  air 


A  g'XMl  way  t(»  obtain  a  proper  blast  is  to  i 
bolder  shown  in  Fig.  335.  This  consists 
hollow  cylinder  a  of  galvanized  iron, 
lOpen  at  the  lower  end,  which  is  immersed 
in  a  tank  of  water.  The  outer  tank  . 
should  be  about  one  inch  larger  in  diam 
eler  than  a.  The  cylinder  n  should  In 
confined  by  suitable  guides,  so  th;it  i 
can  niit  tip  sideways  and  bind.  The  ai 
cocks  may  be  attached  to  the  toji  of  « 
The  pressure  of  the  blast  may  be  rcgii 
lated  by  placing  more  or  less  weight  up  i 
■the  top  of  the  floating  cylinder,  (.iiic  f  ] 
the  air  cocks  should  be  connected  by  rubbfi 
tubing  to  the  blowpipe,  and  the  other  c  i 
the  air  pump  C,  Fig.  33(1.  In  practice 
Jhc  pump  is  operated   until  a  rises  to  its  •*">■  *"- 

highest  limit,  and  the  cock  is  then  shut  off  until  u  has  sunk 
nearly  to  the  bottom  of  its  range,  when  pumping  is  repeated. 
Continuous  pumping  is  not  required.  Care  must  be  taken 
that  the  pressure  of  the  air  is  not  greater  than  that  of  the 
fas  from  the  generator.  Otherwise  the  air  may  work  back 
•ugh  the  gas  tube  into  the  generator  and  cause  an  ex- 
•loston  of  the  apparatus. 

Fig.  836  shows  the  general  arrangement  of 
;he  apparatus.  The  gas  from  the  generator  and  the 
ir  from  the  holder  arc  not  mixed  until  they  reach  the 
liiing  pipe  a.  The  proportions  of  air  and  gas  are  deter- 
lincd  by  adjusting  the  cocks  to  which  the  rubber  tubes  arc 
ittached,  and  the  force  of  the  jet  is  also  adjusted  in  the 
ime  way.  This  mixing  pipe  should  be  as  closely  behind 
ic  blowpipe  as  convenience  will  permit.  The  mixture  of 
lir  and  gas  is  very  explosive,  antl  the  fire  may  flash  bark 
!roo)  the  jet  to  the  mixing  pipe,  spoiling  the  tubing,  if  noth- 
worse.     In  some  formsof  blowpiiK*  the  mixing  cocksare 
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attached  to  the  blowpipe.  The  blowpipe  should  be  provided 
with  several  sizes  of  jets,  or  nozzles.  A  jet  of  j'j  of  an  inch 
bore  is  of  proper  size  for  working  on  4-pound  lead.  The 
diameter  of  the  bore  of  the  nozzles  used  for  heavier  lead  will 
increase  slightly  with  the  thickness  of  the  sheet.  About 
^,-inch  bore  will  be  required  for  12  to  20-pound  lead. 

The  rubber  tubing  which  connects  the  blowpipe  to  the  gas 
generator  and  the  air  holder  should  be  of  :^-inch  to  |-inch 
bore,  and  of  extra  heavy  rubber,  so  that  it  will  not  kink.  It 
should  be  connected  by  means  of  screw  couplings.     If  the 


tubes  are  merely  slipped  over  nipples,  and  are  not  wired, 
they  are  liable  to  be  pulled  off  while  working. 

Vapor  is  liable  to  condense  in  the  tubes;  clots  of  water 
are  liable  to  be  blown  into  the  blowpipe  and  extinguish  the 
flame.  In  that  event,  the  tubes  should  be  disconnected  and 
hung  up  to  drain  until  they  are  dry.  The  tubrs  should  be 
detached  from  the  generator  and  the  air  hulder  at  the  end 
of  each  day's  work,  and  be  hung  up  U>  drain  and  dry  out. 

The  cock  on  the  generator  should  be  kept  clitscd  while 
the  blowpipe  Is  not  in  use,  but  should  be  opened  wide  when 
ready  to  proceed  with  work.  The  regulation  <•(  the  gas 
flow  should  be  done  by  the  gas  cock  on  the  mixing  pipe. 
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970>  To  start  the  blowpipe,  the  air  cock  is  first  shut; 
then  the  gas  cock  is  partly  opened,  and  as  soon  as  gas  flows 
friira  the  jet,  it  is  ignited.  The  llame  at  first  will  be  long, 
noisy,  and  unsteady,  with  very  little  color.  The  gas  cock 
is  then  gradually  closed  until  the  flame  is  reduced  to  about 
3  inches  in  length.  The  air  cock  is  then  slightly  opened, 
and  air  is  admitted  to  the  flame.  The  supply  of  air  is  grad- 
ually increased  until  the  flame  is  shortened  to  alwiut  1 J  inches, 
or  until  the  flame  is  sharp  pointed,  compact,  rapidly  darting, 


noiseless,  and  divided  into  two  well-defined  flames,  one  inside 
of  the  other.  The  inner  flame  should  be  very  distinct,  and 
itsa|>ex,  which  is  the  point  of  greatest  heat,  should  be  blue. 
The  outer  flame  is  of  a  pale  reddish  color,  and  its  temperature 
is  much  lower  than  that  of  the  inner  flame.  The  two  flames 
differ  greatly  in  their  effei  t  upon  metals.  The  outer  flame 
will  oxidize  the  metal  that  it  touches,  but  the  inner 
flarae  will  melt  the  metal  and  keep  it  hot  as  long  as  desired 
without  oxidieing  it.     Consequently,  the  inner  flame  is  used 
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exclusively  in  the  operation  of  lead  burning,  and  the  con- 
tact of  the  outer  flame  with  the  metal  is  avoided  as  much  as 
possible. 

971.  Fig.  337  exhibits  the  various  forms  of  the  flame  as 
the  proportions  of  air  and  gas  are  changed.  The  clear  gas 
makes  a  flame  like  A.  As  air  is  introduced  in  increasing 
quantities  the  flame  takes  the  successive  shapes  B  to  /^ 
The  correct  working  shape  is  shown  by  /^  Too  much  air  is 
shown  at  C,  and  //  is  on  the  point  of  going  out  from  excess 
of  air  or  lack  of  gas. 

It  should  always  be  borne  in  mind  that  the  gas  must  be 
turned  on  and  ignited  before  air  is  admitted,  and  when  it  is 
desired  to  extinguish  the  flame,  the  air  must  be  shut  off  be- 
fore the  gas  cock  is  touched.  To  increase  the  flame,  increase 
the  gas  first,  then  increase  the  air.  To  diminish  the  flame, 
check  the  air  first,  then  reduce  the  supply  of  gas. 


MANIPULATION. 

972.  To  learn  the  characteristics  of  the  flame,  and  how 
to  handle  it,  the  student  should  practise  on  a  piece  of  sheet 
lead  which  has  been  cleaned  with  the  shave  hook.  Bring 
the  point  of  the  inner  flame  quickly  down  upon  the  clean 
lead.  Almost  instantly  a  disk  of  melted  lead  will  be  formed; 
then  quickly  remove  the  flame.  The  melted  metal  will  cool 
bright,  showing  that  it  has  not  been  oxidized.  Now,  bring 
the  end  of  the  outer  flame  to  bear  on  the  clean  lead,  keeping 
the  inner  flame  about  ^  or  \  of  an  inch  away.  The  lead  will 
quickly  tarnish,  and,  although  it  will  melt,  it  will  be  covered 
with  a  coat  of  gray  oxide. 

Again  bring  the  point  of  the  inner  flame  to  bear  on  the 
clean  lead,  melt  a  little,  and  then  withdraw  the  flame  slowly, 
allowing  the  outer  flame  to  act  on  the  molten  part;  a  film 
of  gray  oxide  will  spread  over  the  molten  metal,  and  it  is 
then  spoiled  for  joining  purposes. 

It  will  also  be  found  that  unless  the  flame  is  withdrawn 
with  proper  quickness,  ugly  holes  will  be  made  in  the  sheet 
metal. 
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Further  experiment  will  disclose  the  fact  that  if  a  head, 
or  drop  of  lead,  is  maintained  in  a  slate  of  fusion,  and  if  a 
small  part  of  the  leaden  sheet  upon  or  against  which  the  lead 
rests  is  also  fused,  the  lead  will  quickly  flow  to  and  unite 
with  the  molten  part  of  the  sheet,  and  will,  upon  cooling, 
form  a  perfectly  homogeneous  mass  with  it.  The  union  will 
be  perfect,  provided  that  all  oxidation  is  avoided.  This  is 
the  essential  part  of  the  process  of  lead  burning.  The 
attraction  of  the  two  portions  of  melted  lead  for  each  other 
o  strong  that  the  effect  of  gravitation  upon  the  bead  is 
apparently  diminished  to  a  considerable  extent,  and  it  is 
found  that  the  bead  can  be  made  to  travel  in  almost  any 
direction. 

The  size  of  the  bead  must  be  varied  to  suit  the  thickness 
of  the  metal  which  is  to  be  joined,  and  also  to  suit  the  direc- 
tion of  the  joint,  whether  horizontal  or  vertical,  inclined  or 
inverted. 

The  strength  of  a  joint  made  by  burning  depends  a  good 
deal  upon  the  size  of  the  bead  made  by  the  blowpipe  flame; 
therefore,  it  is  important  that  the  bead 
should  not  be  made  too  small.  If  the 
bead  is  loo  large,  the  joint  will  present 
a  very  uneven  surface,  as  the  weight  of 
the  bead  will  overcome  the  attraction  of 
the  melted  metal  near  it,  so  that  it  will 

fall  away  from  the  <!esired  place,  and  be    I 

unnianageable. 

Care  must  be  taken  to  avoid  fusing 
too  large  a  spot  in  the  sheet  at  any  one 
time,  because  the  sheet  will  be  thinned 
out  and  weakened  by  it. 

Fig.  338  shows  two  sections  of  lapped 
^nts,  one  of  which  .1  is  properly  made,  and  the  other  B 
lias  been  badly  weakened  by  too  much  fusion,  as  above 
Inferred  to, 


n 


973.     The  student  is  a<Iv 
mtC  Bcani   on   the  bench. 


to  begin  practice  upon  ; 
should  first  prepare  two 
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pieces  of  sheet  lead,  by  planing  the  edges  to  be  joined 
straight  and  square,  and  shaving  the  top  surfaces  clean 
about  i  inch  wide  upon  each  side  of  the  butt  joint;  then 
butt  the  edges  together  and  secure  the  sheets  firmly  to  a 
board.  The  extra  lead  which  is  necessary  to  make  a  butt 
joint,  that  is,  to  supply  the  beads,  must  be  obtained  from 
a  lead  stick.  This  should  be  ^  inch  or  more  thick, 
triangular  in  section,  and  shaved  clean. 

The  blowpipe  flame  being  regulated  to  the  proper  shape 
and  size,  the  burning  is  begun  at  the  nearest  end  of  the  joint, 
as  shown  at  a  in  Fig.  33i).     With  the  point  of  the  inner  flame 


melt  off  a  drop  of  lead  from  the  end  of  the  lead  stick  and 
allow  it  to  fall  squarely  on  the  scam.  Follow  it  up  instantly 
with  the  flame,  placing  the  point  of  the  inner  flame  exactly 
over  the  edges  of  the  scam,  which  are  under  the  bead. 
They  will  quickly  melt  and  unite  with  the  bead.  The  flame 
must  be  withdrawn  before  the  fusion  proceeds  any  further 
than  necessary  to  secure  that  one  bead  in  place.  If  the 
operation  is  properly  performed,  a  section  through  the  bead 
would  appear  as  at  />  in  Fig.  :s;il).  Now  proceed  to  drop 
another  bead  upon  the  seam,  but  lapping  about  i  of  its 
diameter  on  the  previous  bead,  and  secure  it  to  the  scam  in 
the  same  way.  Each  successive  bead  fuses  into  and  unites 
with  the  preceding  one  and  with  the  edges  of  the  sheets, 
thus  forming  a  continuous  joint.     The   student  will  soon 


PLUMBING  AND  DRAINAGE. 


SCO 


learn  to  make  the  beads  follow  each  other  in  rapid  succes- 
n.     The  movements  of  the  blowpipe  in  melting  off  the 
bead,  dropping  it  on  to  the  seam,  fusing  the  edges  of  the 
seam,  and  backing  off  from  it,  are  repeated  in  quick  succes- 
sion, the  hand  of  the  operator  moving  in  a  circular  path, 
I  and  gradually  advancing  from  him  as  the  joint  progresses. 
Making  this  form  of  joint  should  be  practised  until  per- 
fect control  of  the  flame  is  secured,  and  the  operator  learns 
how  to  handle  the  blowpipe  so  as  to  secure  the  beads  in 
'    their  proper  place  uniformly  and  rapidly. 

974.     The  next  thing  to  be  learned  is  how  to  make  a 
Oat   Inppcd  Joint,   as    shown    in    Fig,    34a      The    sheets 


ws^m^^&^ 


[  fihould  be  planed,  squared,  and  shaved  where  they  touch 
I  each  other,  and  the  upper  surfaces  should  be  shaved  clean 
E  about  \  of  an  inch  each  side  of  the  edge  of  the  upper 
■sheet  as  shown.  They  should  lap  about  \  inch  for  (i-pound 
I  lead. 

In  lapped  joints  no  lead  stick  is  required,  the  beads  being 

I  melted  off  the  edges  of  the  upper  sheet.      Beginning  at  rt, 

F  the  flame  is  first  brought  to  bear  upon  the  upper  edge  /'  of 

the  top  sheet,  and  a  bead  is  melted  off.     The  flame  is  then 

quickly  moveil  backwards  and  downwards   so  that   it  will 

bear  on  the  lower  sheet.     The  bead  will  follow  the  flame. 


firo 
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and  as  soon  as  the  lower  sheet  begins  to  fuse,  the  bead  t 
promptly  unite  with  it.  The  flame  must  be  instantly  lifted 
away  and  returned  to  the  edge  of  the  sheet  for  the  r 
bead.  Each  successive  bead  is  similarly  secured  a  little  i 
advance  of,  but  lapping  on,  theprecedingone.  In  perform 
ing  the  successive  movements  required  to  fix  each  bead,  tt* 
hand  of  the  operator  travels  continually  in  small  circles,  am 
slowly  advances  as  the  joint  progresses. 

A  skilful  operator  will  fix  each  bead  firmly  and  evenl4 
in  place,  and  never  deviate  from  the  proper  line  of  thj 
s<!ara. 

975.  The  horiar-imtal  lap  Joint  in  vertical  sheets  is 
shown  in  Fig.  341.  The 
bead  is  melted  froi 
the  lop  edge  a  of 
shei?l,  anil  is  drive 
by  the  flame  againsi 
the  back  sheet,  and  is 
>i?)  held  there  until  the 
sheet  begins  to  bright- 
en; at  the  instant  that 
fusion  begins  the  (lame 
is  lifted  away.  The 
bead  instantly  takt^s 
hold  of  the  back  sheet, 
and,  if  properly  man- 
aged, forms  a  joint  like 
I'tion  at  A  in  Fig.  33H. 


ist 


that  show: 


976.  The  vertical  lap  Joint  is  shown  in  Fig.  34? 
The  joint  is  begun  at  the  bottom  of  the  seam  and  is 
gradually  worked  upwards.  The  bead  of  lead  is  melted  off 
at  «,  and  is  flowed  downwards  to  i,  where  it  is  united  to 
the  back  sheet  as  in  previous  operations.  However,  the 
bead  does  not  flatten  out  so  much  as  in  horizontal  seams, 
but  cools  in  the  form  of  a  split  pea. 

In  making  vertical  and  inclined  joints,  the  size  of  the  bead 
becomes  a  matter   of  great   importance.      The  student  is 
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advised  to  make  vertical  seams  for  practice,  notiny  the 

of    the    bead   employed; 

and    then    cut   squarely 

across  the  joints  so  made, 

and  ascertain  the  extent 

and  apparent  strength  of 

ihe  joints.      No  reliable 

knowledge      upon     that 

point  can  be  obtained  in 

any  other  way. 

The  knowledge  gaiinid 

by    eximrimenting    with 

vertical  joints  will  enable 

the  stwdeni  to  make  in- 
verted   joints,    that     is, 

joints  having  the  lap  on 
I  the  under  side.  These  joints  can  not  always  be  avnidc'd, 
and  while  they  require  a  little  more 
patience  and  skill  than  the  ordi- 
nary horizontal  joints,  the  art  of 
making  them  can  be  readily  ac- 
quired. 

The     mode     of     burning 
n  vertical  plpcit  is  shown 
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at  a,  when  opening  Diit   ihe    hole   to    fit  the   branch. 

the  metal  is  thinned  out,  there  is  great  liability  of  buroi 
ing  a   hole  through  i 
that  point,  or  in 
compelled    to    feed  t 
flame  with  a  lead  sticlc 
In   making   joints  t 
horizontal     pipe, 
angle    of     the     f 
varies   from    the 
zonlal    at     the    top 
the  veriic;il  ;it  the  sidei 
and  to  the  inverted  ] 
Pi<»-»**-  sitiun  at  ihe  under  sidi 

The  joint  should  be   beg;un  at   the  bottom    and   be  work« 

both  ways  towards  the  top. 


LINING    TANKS. 
979.     The  sheet-lead  liningshould  Lie  cut  so  as  to  requiM 

the  least  possible  number  and  extent  of  joints.     As  manyo 
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Fig.  34fi  shows  the  arrangunicnt  of  the  joints  for  a  tank, 
say  G^  ft.  X  4  ft.  X  'Hi  ft.  defp.  The  liollom  anil  two  sides  are 
made  of  one  piece,  which  extends  to  within  about  3  inches 
of  each  end.  Each  end  sectiun  is  formed  with  a  4-inch  flange 
anmnd  the  bottom  edge  and  each  side,  thus  lapping  one  inch 
over  the  bott"m  and  side  sheet. 

The  corners  formed  hy  the  flanges  may  be  closed  with 
a  miter  joint,  tapped  as  at  a,  or  a  horizontal  seam,  as 
at  i. 

The  top  edges  of  all  the  vertical  sheets  should  be  lapped 
I  over  the  edge  of  the  wooden  tank  sides  and  be  secured  with 
I   copper  nails  in  the  usual  manner. 

When  the  sides  of  the  tank  are  large  the  sheet-lead  lining 
must  be  supported  at  intervals  liy  means  of  buttons,  that  is, 
brass  screws  having  their  heads  protected  by  burning  over 
ihcm. 


980.     The  lead  sheets  arc  prepared  for  the  tank,  as  shown 

in  Fig.   S4r,.     Having  ascertained   the  e.^act  width  of  the 

tank  in  the  bottom, 

and  making  sure 
'  whether  the  width 
I  is  the  same  at  both 

ends  and  in  t^ 
'  middle,  the  sheet 
I  scribed  off  acton 
I  Ingly.  The  help. 
[  should  stand  on  the 
\  Straight  edgen  and 

I  hold  up  the   edge  of  FuTlie, 

■  the  part  6  while  the  workman  dresses  the  bent  edge  into  a 
I  square  corner,  working  the  dresser  c  against  the  straight 
■fi.  Allowance  must  be  made  for  the  thickness  of  the 
I  metal  when  scribing  the  sheet,  before  bending.  When  the 
I  corner  is  pmpcrly  squared  the  sheet  should  be  rolled 
r  together,  beginningat  the  top  edge,  making  a  bundle,  as  at  (/; 
I  the  other  side  is  rolled  down  in  the  reverse  direction,  making 
I  a  double  bundle.     When  the  entiri;  piece  is  thus  rolled  it  can 
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be  handled  readily,  and  should  then  be  put  into  its  place  in 
the  tank. 

When  it  is  unrolled  the  bent  corners  should  fit  the  angles 
between  the  sides  and  bottom,  so  that  the  lead  will  not  be 
stretched  when  set  home.  After  setting  the  lead  well  into 
the  angles,  it  should  all  be  flapped  to  a  smooth  surface  with 
a  sheet-lead  flap,  and  be  nailed  over  to  the  edge  of  the  tank. 
The  ends  of  the  tank  are  then  carefully  measured  and  it  is 
found  whether  the  width  of  the  tank  is  the  same  at  the  top 
and  bottom,  whether  the  angles  are  right  angles,  and 
whether  the  sides  are  square  with  the  bottom  at  both  ends. 
If  this  measuring  and  testing  are  neglected,  some  very 
annoying  misfits  are  likely  to  occur. 


i)81>     The  flanges  are  then  formed  up,  as  shown  in  Fig. 
347,  and  the  corners  lapped  and  scraped  to  make  proper 
corner  joints.      The 
flanges  are  scraped 
clean  on   the  edges 
a,  and  i    inch  down 
on  the  outside  all  the 
way     around,     and 
similarly     about    ^ 
inch    down   on   the 
inside.       The     end 
o  place  and  set  home  snugly  into 
should  overlap   the  bottom    and 
■e  at    each    end.      The    edges    of 
led  on  the  under  sheet,  and  the 
itate  scraping  the  border  of  the 
joint  may  be    pniperly   burned. 


sheets  are  then  lowered  ir 
the  angles.  The  flanges 
side  sheet  i  inch  or  mc 
the  flanges  are  then  scri 
flanges  are  raised  to  fac 
under    sheets    so    that  thi 


The  flanges  are  now  dressed  down  again,  and  the  process  of 
burning  the  seams  begins.  The  flat  bottom  seams  should  be 
burned  first,  llu-n  the  vertical  scams,  commencing  from  the 
ends  of  the  horizontal  seam  and  working  upwards,  asbefore 
described.  Great  care  must  be  taken  .when  burning  the 
corner  scams  a  and  /',  Fig.  '■iili,  that  the  burning  is  continued 
fully  into  the  corner,  so  that  no  small  pin-hole  can  remain. 


w 
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TESTIXG  1>UAINS,  ETC. 
982.  Earthen  drains  slunil J  lit;  carefully  tijstcd  for  leak- 
age before  ihe  trenches  arc  filled.  The  low  end  of  the  line 
of  pipe  should  be  plugged,  and  all  branches  should  be 
stopped  temporarily.  The  drain  should  then  be  filled  with 
(tater,  and  allowed  to  stand  full  fur  a  few  hours.  If  the 
rater  settles  down  in  the  pipe,  the  leak  should  be  found  and 
■topped.  A  pressure  of  at  least  1  pound  per  square  inch 
pould  be  put  upon  every  joint  and  pipe  in  the  system,  or 
■ley  may  be  tested  by  smoke. 

H83<  All  ihc  drain,  soil,  waste,  and  vent  pipes  within  a 
»uildingsh<iiild  be  thoroughly  tested  by  water  pressure,  or  the 
^ydrostullc  test,  as  it  is  called,  before  they  are  enclosed, 
tnd  before  the  fixtures  are  att:iched.  The  pipes  should  be 
ighlly  plugged  at  or  near  the  main  trap  where  they  pass 
Wtof  the  building,  and  the  end  of  every  branch  should  be 
|tupped  water-tight.  The  system  may  then  be  filled  with 
vater  by  pouring  it  into  the  top  of  the  slack  with  pails;  or 
prater  may  be  forced  in  from  below  with  a  pump,  or  a  lem- 
torary  connection  may  be  made  with  the  street  main  The 
sshould  beallowed  to  stand  full  for  several  hours,  unless 
r  are  subject  to  frost,  when  they  should  be  emptied 
jkfore  the  water  freezes.  If  the  water  sinks,  then  every 
■pe  and  joint  should  be  inspected  until  the  leak  is  found 
Vd  remedied.  A  little  more  calking  will  usually  suffice  to 
a  leaking  joint  in  cast-iron  pipes.  However,  if  a 
Bracked  or  split  |>ii)e  or  hub  is  found,  the  pipe  should  be 
pmoved  and  a  sound  piece  should  lie  put  in  its  place. 
Etching  or  re])iiiring  should  not  be  attempted;  honest  and 
parable  work  can  l>e  done  only  by  replacing  the  damaged 
(arts  with  new  and  sound  pipes, 

j^After  the  short  waste  branches  are  all  attached  and  the 
Uures  arc  conneeted,  the  entire  system  of  drain,  waste, 
1  vent  pipes  must  be  tested  and  made  gas-tight. 
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984.  The  test  by  water  pressure  is  applied  only  to  the 
iron  stacks,  branches,  and  drain  pipes;  but  it  is  just  as  impor- 
tant that  the  fixture  connections  be  made  gas-tight,  so  a  test 
should  also  be  applied  to  them  when  the  fixtures  are  all 
connected  up  and  the  traps  sealed.  The  pressure  of  such  a 
test  must  be  less  than  that  required  to  force  the  trap  seals. 
To  find  whether  the  system  is  gas-tight,  an  air  test  may 
be  applied  by  means  of  a  pump.  All  the  traps  are  filled 
with  water,  and  every  opening  is  carefully  stopped.  The 
air  pump  is  then  connected,  and  a  pressure  about  equal  to 
that  required  to  sustain  a  column  of  water  1^  inches  high  is 
applied  to  the  whole  system.  A  water  gauge  which  will 
show  the  height  of  a  water  column  required  to  resist  the 
air  pressure  should  be  attached  at  some  convenient  point, 
by  which  the  pressure  may  be  noted. 

If  any  of  the  traps  blow  through^  or  bubble,  at  a  lower 
pressure  than  1^  inches,  they  should  be  readjusted  until  they 
will  hold  that  pressure.  If  that  can  not  be  done,  the  trap 
should  be  condemned  and  a  better  one  should  be  put  in  its 
place.  If  there  are  no  running  traps  on  the  system  (a  bath 
trap,  for  instance),  a  pressure  of  3  inches  water  column  may 
safely  be  applied. 

After  the  pressure  is  put  upon  the  system,  the  pump 
should  be  shut  off,  and  the  water  gauge  should  be  closely 
watched  for  several  hours.  If  the  pipes  are  all  tight,  the 
gauge  will  show  no  loss  of  pressure;  but  if  the  pressure  falls, 
then  a  leak  is  surely  indicated.  To  find  the  leak,  resort 
must  be  made  to  other  tests.  Two  methods  are  commonly 
employed  for  this  purpose:  one  is  to  fill  the  pipes  with  a 
dense  smoke,  which  can  be  seen  when  it  escapes  from  the 
leak ;  this  is  known  as  the  smoke  test ;  the  other  is  to 
fill  the  pipes  with  some  strong  pungent  odor,  which  can 
easily  be  detected  by  smell — such,  for  instance,  as  the  oil 
of  peppermint.  Care  should  be  taken  to  distinguish  be- 
tween the  oil^  which  is  the  essential  oil,  and  the  essence^ 
which  is  a  solution  of  a  small  portion  of  the  essential 
oil  in  a  large  volume  of  alcohol,  and  is  useless  for  this 
purpose. 
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9S5.     Tu  apply  the  smoke  test,  a  smoke  machine  is  re- 
ftquired.     This  cunsists  of  a  blower  which  forces  air  into  an 
iur-tight  fJrc-!iox  in  which  a  fire  is  maintained.     Usually  a 
Kl>unch   of  coitun    waste,  which   has    been   saturated   with 
■machine    oil,   will    furnish    all    the   smoke    required    when 
Islowly  burned  inside  the  fire-box.     The  smoke  is  conducted 
^through  a  flexible  hose  composed  of  asbestos  or  rubber,  or 
Mhruugh  metal  pipes,  to  the  fresh-air  inlet  of  the  drainage 
[system,  or  to  the  most  convenient  branch,  or   open   end. 
The  ends  of  the  branches  and  vent  pipes  should  then  be 
(Opened  to  allow  the  smoke  to  displace  the  air  and  penetrate 
kto  every  part  of  the  piping.     All  doors  and  windows  should 
[  be  closed,  and  the  smoke  made  in  starting  the  apparatus 
■  should  be  carefully  prevented  from  entering  the  building. 
■If  it  does  get  into  the  building,  it  will  affect  the  air  so  that 
lit  will  be  difficult  to  detect  the  smoke  which  will  ooze  out 
khrough   the  leaks  in  the  pii>es.     As  soon  as  the  smoke  has 
Jpenetrated  throughout  the  whole  system  and  shows  itself  at 
Isll  the  openings,  the  plugs  should  be  replaced  and  the  open- 
lings  made  air-tight.     The  pressure  is  then  put  on  again  as 
wfore.     Sooner  or  later  the  smoke  will  ooze  through  the 
leak  and  become  visible,  and  have  a  perceptible  smell  also. 
ffll  will  also  make  its  way  through  the  traps  if  they  are 
insufficiently  scaled. 

986.     The    pvppermlnt  ttst   may  be  applied   in    the 

e  way  by  putting  some  of  the  oil  of  peppermint  into  the 

Apparatus  instead  of  the  smoking  material.     A  more  con- 

Srenient  way  is  to  pour  from  3  to  5  ounces  of  the  peppermint 

Knto  the  top  i)f  the  vent  stack,  and  follow  it  up  with  a  half 

[sllon  or  so  of  boiling  water.     The  hot  water  makes  the 

Wppermini    more  volatile  and   helps   to   diiTuse   the   odor 

iroughout  the  pipe   system.     All   the   outlets   should   be 

Closed  and  the  air  pressure  should  be  put  on  as  before. 

The  odor  will  penetrate  through  the  smallest  leak  if  the 

(ors  are  under  pressure,  but  in  order  to  determine   the 

»tion  of  Ihe  leak  it  is  necessary  to  carefully  smell  the  pipe 

1  from  beginning  to  end.     Great  carv  must  be  taken 
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in  handling  the  bottle  of  peppermint  that  none  is  spilled  i 
is  smeared  on  the  hands  or  clothes  of  the  operator,  becaui 
then  he  will  not  be  able  to  tell  whether  the  smell  proceed 
from  the  leak  or  from  himself. 


Q87.     A  convenient  form  of  smoke  machine  is  shown  i 
Fig.  348.     It  is  composed  of  a  double-action  bellows  unde| 
neath    and    a    fire-pot    A   above.      The    inlet 
bellows   are   in   the 
middle    leaf,  as 
shown,  and  an  out 
let  valve  is  in  each 
end  leaf.   When  the 
handle  tr  is  operated 
the  bellows  blow  air 
through   a  three 
way  cock  a  into  the 
bottom  of  the  fire 
box.    The  fuel  rests 
upon    the    grate 
c,  and  when  ignited 
on    the  bottom  the 
smoke        blows 
through    i    in    the 
direction  of  the  ar- 
rows   and   passes 
through  the  outlet 
tube  £■,  which  is  to 
be  connected  to  the 
drainage  system    by  a   I J  or  IJ-inch  hose  pipe.     A  vatc 
jacket  is  formed  around  the  fire-box,  and  this  must  ben 
filled  with  water  before  the  fire  is  started.    A  drum  or  cov^ 
/  encloses  the  fire-pot  and  is  sealed  in  the  water, 
weight  of  the  drum  is  such  that  a  pressure  of  about  1  i 
water  column  will  raise  it,  or  cause  it  to  float  in  the  waU 
A  greater  pressure  is  not   required,  and  can  not  be  form 
unless  the  drum  is  loaded  down  with  weights.     If  the  I 
lows  arc  operated  when  the  drum  is  floating,  the  result  ' 
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be  that  the  surplus  smoke  will  escape  to  the  atmosphere 
from  below  the  drum.  This  prevents  the  trap  seals  from 
being  forced  by  accident. 

When  the  drainage  system  is  full  of  smoke  and  the  drum 
6oatS,  the  cock  u  is  closed  and  pumping  is  stopped. 

If  there  is  a  leak  anywhere,  the  drumy*  will  sink  in  the 
water,  and  ihe  velocity  with  which  it  falls  will  indicate  the 
extent  of  the  leak. 

If  the  drainage  system  is  gas-tight,  however,  the  drum 
will  continue  to  float  in  the  water.  The  length  of  lime  which 
the  drum  should  float,  when  the  test  is  applied  to  a  small 
job,  is  from  5  to  10  minutes;  and  if  it  does  not  show  any  ap- 
preciable fall  in  that  lime,  the  work  should  be  passed  as  tight, 
Larger  jobs  require  a  correspondingly  longer  lime  of  test, 
because  of  the  larger  volumes  of  smoke  in  the  systems. 

The  smoke  test  is  recommended  as  a  final  test  in  prefer- 
ence to  peppermint  or  air.  It  is  coming  rapidly  into  popular 
^avor.  Many  health  departments  compel  it,  and  it  is  used 
by  leading  sanitary  engineers  and  plumbers. 

9SH.  The  pluica  used  for  closing  the  open  ends  of  pipes 
for  low-pressure  tests,  such  as  the  smoke,  the  oil  of  pepper- 
mint, or  even  the  water  test  in  low  buildings,  are  usually 
made  tight  by  compressing  a  soft  rubber  ring  against  the 
Inside  of  the  pipe  by  means  of  two  disks  beveled  on  their 
Outer  edges  to  fit  the  rubber  ring. 

When  the  disks  are  spread  apart  the  rubber  contracts,  and 
trhen  they  are  pushed  together,  usually  by  a  thumb  nut,  the 
ring  is  expanded  and  its  diameter  increased.  Plugs  which 
depend  only  upon  the  friction  between  a  soft  rubber  ring 
Und  the  internal  surface  of  the  pipe  for  resistance  to  water 
ssure  are  liable  to  be  blown  out,  particularly  if  the  diam- 
Sier  of  the  pipe  is  greater  lh;in  4  inches.  In  testing  the 
^pesin  high  buildings  it  is  advisable  to  close  the  open  ends 
tubject  to  great  pressure  by  calking  cast-iron  plugs,  similar 
a  make  to  ordinary  threaded  plugs  for  wrought-iron  pipes, 
9ly  with  coarser  threads,  so  that  they  will  have  greater  re- 
ltAnc«  to  the  pressure.  When  the  test  is  over  they  can 
sitj  be  unscrewed  and  the  lead  and  oakum  picked  out. 
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FREEZING    OF    PIPES. 

989*  AH  water  pipes  in  exposed  places  should  be  well 
protected  against  frost.  They  should  be  wrapped  with  some 
material  that  will  conduct  heat  very  slowly.  Hair  felt  is 
very  often  used,  but  unless  the  felt  be  covered  so  as  to  be 
air-tight  (or  nearly  so)  with  canvas  or  other  material,  cur- 
rents of  air  will  blow  through  the  felt  and  cool  the  pipe. 
The  covering  over  the  felt  encircles  a  space  which  is  partly 
taken  up  by  the  felt  and  partly  by  air. 

Cold  drafts  in  pipe  chases  should  be  avoided  by  having 
the  tops  and  bottoms  of  the  chases  closed.  Water  pipes 
should  not,  in  very  cold  climates,  be  fastened  to  outer  ex- 
posed walls  of  buildings  unless  the  walls  are  hollow — that  is, 
having  air-tight  spaces  between  the  outer  and  inner  sections 
of  the  wall.  They  should  rather,  if  possible,  be  attached  to 
inside  walls  and  partitions. 

The  cause  of  pipes  bursting  by  frost  is  due  to  a  peculiar 
property  of  water.  When  water  is  reduced  in  temperature 
to  39.2°  F.,  it  attains  its  maximum  density;  that  is, 
water  at  this  temperature  occupies  its  smallest  possible  vol- 
ume. If  water  at  this  temperature*  be  heated,  it  will  expand ; 
if  cooled,  it  will  also  expand. 

Water,  then,  expands  while  being  decreased  in  temper- 
ature from  ',V.).'Z^  to  32"  F.,  or  freezing  point.  If  water  did 
not  thus  expand  and  become  lighter,  but  continued  increas- 
ing in  density  (becoming  heavier)  with  the  decrease  of  tem- 
perature, it  would  solidify  at  the  bottom  first.  When  water 
changes  from  the  liquid  to  the  solid  state  it  rapidly  expands 
about  ^  of  its  volume.  This  increasing  in  volume  while 
freezing  is  the  cause  of  water  pipes  bursting  when  they 
freeze. 

99C)«  A  pipe  full  of  water  may  be  frozcMi  and  not  bursty 
while  another,  containing  less  than  a  pint,  may  hurst.  For 
example,  in  Fig.  340  we  have  a  }-inrh  pipe  laid  perfectly 
level,  so  that  there  shall  be  no  circulating  currents  in  its 
length. 

A  current  of  cold  air  blows  against  the  pipe.      The  center 
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of  the  current  is  supposed  to  be  the  coldest  part,  the  current 
being  slightly  warmer  towards  the  points  A  and  B,  but  still 
cold  enough  to  freeze  the  water  at  these  points.  The  point 
C,  Of  center  of  the  pipe,  will  freeze  first,  and  the  water  will 
gradually  snlidify  from  this  point  towards  the  ends,  the  ex- 
pansion being  taken   up  by  the  water  rising  in  the  upright 


tube  ends.     Since  these  tubes  take  the  surplus  water,  the 
full  force  of  expansion  is  not  exerted  upon  the  pipe.     Con- 
sequently, the  pipe,  if  made  of  good  material,  will  not  burst. 
If,  however,  the  ends  of  the  pipe  were  plugged  solid  so  that 
f  the  expansion  could  not  be  taken  up  in  them,  the  pressure 
I  in  the  pipe  between  the  plugs  would  increase  until  it  became 
'  too  great  for  the  pipe  to  resist,  when  it  would  either  swellor 
burst. 


1 


31.     Fig.    :i.io 


lall 


.[uantity  of  water 
ithcrwisc  supposed 


^  to  be  empty,  may  by  freezing  burst  the  pipe.  Ice  forms  on 
I  tbe  surface  of  the  water,  first  as  at  ^1,  A,  thereby  sealing 
I  tbese  points.  Then  the  water  underneath  gradually  freezes 
I  from  the  top  downwards  and  around  the  inner  surface  of 
I  the  pipe.      This,  of  course,  forms  a  gradually  increasing 
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internal  pressure,  which  at  first  may  force  the  ice  plugs  out- 
wards a  little,  but,  as  the  plugs  deepen,  their  resistance  is 
increased.  When  they  become  sufficiently  deep  to  resist  a 
pressure  equal  to  that  required  to  swell  the  lead  pipe,  they 
remain  stationary  and  the  pipe  swells* and  often  bursts  as 
shown  at  C  in  the  figure.  Lead  pipes  made  of  good  mate- 
rial and  of  a  uniform  thickness  will  often  stretch  sufficiently 
to  compensate  for  the  increase  in  volume  of  the  water  or  ice, 
but  iron  or  brass  pipes  will  not.  While  lead  pipes  will  swell 
out  and  tear  in  the  swelling  only,  brass  and  iron  pipes  will 
split  with  frost,  sometimes  even  from  end  to  end  of  the  pipe. 


THAWING  FROZEN  PIPES. 

992*  If  the  frozen  pipes  are  accessible,  and  there  is  no 
woodwork  around  them  which  might  catch  fire,  the  gasoline 
torch  may  be  applied  directly  to  the  frozen  part  of  the  pipe 
until  the  ice  is  thawed. 

Pipes  which  are  inaccessible  may  be  thawed  by  steam, 
especially  pipes  which  are  under  ground.  To  thaw  out  a 
service  pipe  which  runs  under  ground  to  a  street  main,  first 
disconnect  the  pipe  just  inside  the  cellar  wall  or  shut-off 
cock.  A  tube  of  block  tin,  of  about  J-inch  bore,  is  then 
connected  to  the  top  of  a  portable  steam  generator,  and  as 
soon  as  steam  blows,  the  tube  is  pushed  into  the  end  of  the 
frozen  pij)e  until  it  strikes  ice.  The  steam  will  rapidly 
melt  into  the  ice;  the  tube  should  be  shoved  forwards  as 
fast  as  the  ice  yields  until  the  stoppage  is  relieved.  As 
soon  as  the  water  begins  to  flow,  the  tube  is  withdrawn  and 
the  connections  restored. 

The  steam  generator  must  be  ])rovided  with  a  proper 
safety  valve,  adjustc^d  to  a  safe  working  pressure.  Other- 
wise it  should  not  be  used,  because  the  danger  of  overpres- 
sure and  explosion,  with  fatal  results,  is  so  great  that  no 
man  is  justified  in  running  the  risk. 

Hot  water  may  be  used,  sometimes,  instead  of  stc^am,  by 
using  a  hand  force  pump  to  drive  the  water  to  the  desired 
point. 
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TEMPORABV  STOPPAGB  OF  LEAKS. 

993.  During  severely  cold  weather  plumbers  are  often 
overrun  with  work,  pipes  freezing  and  bursting  chiefly,  and 
they  can  not  always  find  sufficient  time  to  make  a  perma- 
nent repair  of  the  leaks;  consequently  they  sometimes  have 
to  resort  to  a  make-shift  or  temporary  job. 

A  frost  Inirst  in  a  lead  pipe  (see  Fig.  350)  Is  seldom  more 
than  two  or  three  inches  long,  although  the  pipe  may  be 
swollen  its  entire  length.  Therefore,  a  temporary  patch  can 
easily  be  soldered  on  it,  quite  strong  enough  to  last  till  the 
plumber  can  put  in  a  new  piece  of  pipe.  The  burst  is  closed 
with  a  hammer,  scraped,  and  soldered. 

A  frost  burst  in  an  iron  or  brass  pipe,  however,  is  not 
such  a  simple  job.  The  burst  takes  the  form  of  a  split, 
which  often  runs  the  full  length  of  the  pipe.  This  requires 
a  new  piece  of  pipe.  If,  however,  the  split  is  only  a  few 
inches  long,  a  temporary  job  may  be  made  by  smoothing 
the  surface  of  the  pipe  around  the  split,  then  tying  a  strip 
of  sheet  rubber  tightly  over  the  split.  The  string  or  wire 
which  binds  it  must  be  wound  close  to  prevent  leakage. 
Cast-iron  soil  pipes,  if  split,  may  be  temporarily  repaired  in 
a  similar  manner. 

CLEARING  CHOKED  DRAINS.  ETC. 

994.  There  are  many  ways  by  which  drains  become 
choked.  If  they  have  too  little  fall,  and  particularly  if  they 
are  level  or  sagged  in  their  middle,  solid  matter  will  grad- 
ually accumulate  because  of  an  insufhcient  velocity  of  the 
water  whose  duty  it  is  to  carry  it  forward  to  the  point  of 
outlet.  The  solid  matter  accumulates  until  the  caliber  of 
the  pipe  is  entirely  closed  and  sewage  can  not  pass  it.  To 
clear  such  a  choke,  expose  a  part  of  the  drain  below  the 
point  of  chokage  (if  no  suitable  cleaning-out  holes  can  be 
found)  and  cut  a  hole  in  the  top  of  it  just  large  enough  to 
allow  the  free  working  of  the  cleaning  tools. 

If  the  pipe  is  made  of  iron  or  brass,  an  iron  wire  or  rod  is 
comitianly  used  to  loosen  the   obstruction.     The  thickness 
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of  the  wire  depends  upon  the  character  of  the  work.  For 
ordinary  obstructions  in  drainage  work  a  J-inch  rod  is  con\- 
monly  used.  As  the  solid  matter  is  disturbed  by  the  rod  or 
cane,  the  head  of  water  in  the  drain  above  it  will  force  it 
forwards  to  the  point  of  outlet.  The  drain  should  then  be 
thoroughly  flushed,  working  the  rod  at  the  same  time.  To 
seal  a  hole  that  has  been  tapped  in  an  earthenware  drain 
pipe,  the  salt  glaze  all  around  the  hole  should  be  chipped  off 
to  a  distance  of  about  2  inches.  A  sheet-lead  flange  is  then 
beaten  down  over  the  hole  to  close  it,  and  the  hole  sealed 
over  with  Portland  cement.  Cement  will  not  take  a  strong 
hold  of  salt  glaze. 

995*  Waste  pipes,  particularly  those  from  kitchen  sinks, 
are  liable  to  become  clogged  with  grease  which  passes  into 
them  in  a  liquid  form  combined  with  hot  water.  The  grease 
chills  within  the  pipes  and  adheres  to  them.  Special  brass 
screw  caps  should  be  attached  to  such  pipes  at  points  where 
access  can  best  be  had  to  them,  so  that  rattan  canes  may  be 
used  to  clear  the  obstruction  if  the  pipes  are  made  of  lead, 
or  iron  rods  or  wire  may  be  used  if  the  pipes  are  of  iron  or 
earthenware. 

Holes  cut  in  lead  waste  pipes  for  the  purpose  of  inserting 
the  canes  should  be  carefully  covered  over  with  a  lead  patch 
soldered  on,  not  puttied. 

Holes  cut  in  iron  waste  or  drain  pipes  should  be  sealed  per- 
fectly .?ir-tight  by  clamps  of  suitable  design,  a  rubber  washer, 
not  putty,  being  used  to  make  the  attachment  air-tight. 

Small  chokages  in  waste  branches  are  usually  forced  into 
the  pipe  stacks  by  force  pumps  applied  at  the  fixtures.  The 
force  pump  is  composed  of  a  cylinder  about  3  inches  in 
diameter,  having  a  funnel-mouthed  bottom  with  a  rubber 
ring  attached,  to  form  a  tight  joint,  and  fitted  with  a  solid 
piston  or  plunger.  The  small  rubber  force  cups  upon  the 
market  are  mere  apologies  for  force  pumps  ;  the  quantity  dis- 
placed at  each  stroke  of  the  cup  is  too  small  to  properly 
clear  a  chokage. 

Vertical   pipes  seldom   become    choked    unless   there   are 
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some  bad  obstructions,  such  as  oakum  driven  through  a 
joint,  inside  the  pipe.  Verlica!  pipes  are  cleared  by  insert- 
ing lengths  of  f-inch  or  J-inch  gas  pipe  down  from  the  roof. 
Care  must  be  taken,  however,  that  there  are  no  offsets  to 
intercept  the  rods. 

Urinal  waste  pipes  are  very  liable  to  chokage.  The  urine 
clogs  against  the  sides  of  the  pipes  in  the  form  of  a  Ihiclc 
slime.  This  can  be  removed  by  pouring  strong  muriatic 
acid  down  the  pipe  and  loosening  the  slime  with  rattan 
canes.  The  ordinary  force  pump  can  not  easily  be  applied 
to  a  urinal  strainer. 


VENTILATION      itV      W  A  TEH-CLOSET      .\PART. 
MENTS. 

996>  When  a  water-closet  is  being  used,  an  offensive 
smell  is  usually  given  off.  This  is  partly  taken  away  by  the 
local  vent  (if  any),  and  part  of  it  will  contaminate  the  air  in 
the  apartment.  To  remove  the  odor  from  the  apartment  it 
is  necessary  to  remove  all  the  air  in  the  apartment.  The 
frequency  with  which  the  air  in  the  apartment  should  be 
renewed  will  depend  upon  how  often  the  closet  is  used.  The 
air  may  be  changed  in  various  ways.  The  most  common 
way  is  to  simply  open  a  window  at  top  and  bottom.  This 
causes  a  circulation  between  the  water-closet  apartment  and 
the  outer  atmosphere.  This  method  of  changing  the  air, 
however,  is  only  suitable  for  mild  weather. 

A  4  or  0-inch  bright  tin  or  galvanized  iron  pipe  should  be 
run  from  the  ceiling  just  over  the  water-closet  or  near  it.  to 
above  the  ruof,  where  its  orifice  should  be  guarded  by  a 
properly  designed  ventilator  cap  or  cowl.  The  orifice  of  the 
tube  above  the  closet  should  be  funnel  mouthed  to  12  or  14 
inches  in  diameter. 

The  tube  should,  if  possible,  be  run  up  alongside  a  hot 
chimney  flue,  so  that  the  air  within  it  may  be  rarefied,  and 
cause  an  upward  draft.  Advantage  should  be  taken  of  the 
heat  from  burning  gas  jets  in  the  apartment  to  facilitate  the 
draft.  This  can  be  done  by  placing  the  light  immediately 
under  the  funnel-mouthed  inlet  to  the  tube. 
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Dark  water-closet  apartments  should  in  all  cases  be 
thoroughly  ventilated,  preferably  by  a  tube,  as  explained, 
which  has  a  gas  jet  burning  within  it  or  under  it.  The 
velocity  with  which  the  air  travels  up  the  tube  will  vary  with 
the  difference  between  the  mean  temperature  of  the  air  in 
the  tube  and  the  temperature  of  the  outer  atmosphere,  also 
with  the  length  of  the  tube  and  the  number  of  bends,  etc., 
in  its  length.  In  order  to  have  the  least  resistance  to.  the 
,  upward  flow  of  the  foul  air,  the  pipe  should  be  round  or 
square  in  section,  and  should  have  as  few  elbows  as  possible. 

When  an  exit  is  provided  for  foul  air  in  the  closet  apart- 
ment, provision  must  also  be  made  for  an  inlet  of  fresh  air. 
This  is  best  done  by  having  a  space  of  2  or  3  inches  between 
the  bottom  of  the  door  and  the  floor. 

Latrines,  or  a  number  of  single  water-closets  in  the  same 
general  apartment,  are  usually  ventilated  by  one  large  ven- 
tilating tube  run  from  the  ceiling  of  the  apartment.  Thr 
closets  are  placed  side  by  side  with  a  G  or  7-ft.  partition 
between.  The  door  of  each  closet,  being  hinged  about 
6  inches  above  the  floor,  forms  the  fresh-air  inlet  for  the 
small  space  enclosed.  The  foul  air  rising  upwards  dis- 
charges into  the  upper  parts  of  the  general  apartment  and 
soon  passes  out  through  the  ventilator.  Whether  ven- 
tilation is  present  or  not,  the  odors  of  apartments  which 
contain  plumbing  fixtures  can  be  reduced  considerably  by 
proper  attention  being  given  to  the  fixtures.  They  should 
be  scrubbed  and  cleaned  often.  If  they  are  not  attended 
t(\  odors  will  prevail  in  the  apartments  in  spite  of  any  ven- 
tilating system  which  may  be  installed. 


DISPOSAL    OF    SHWAGE. 

997.  Sewage  matter  from  buildings  is  disposed  of  in 
various  ways,  but  chiefly  by  the  following  methods: 

First — lU'  a  connection  to  the  juaiii  or  street  sewer  pipe 
or  culvert. 

Second — l^y  cesspools. 

Third — \\\  direct  or  indirect  discharge  to  the  sea  or 
rivers  in  (dose  j)ro\iniity  lo  the  building. 
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The  Htreet-sewer  muthod  is  always  adopted  in  well- 
regulated  cities  having  a  system  of  sewerage,  For  an 
ordinary  residence  the  pipe  leading  to  the  street  sewer, 
called  the  sewer  connection,  is  generally  0  inches  in  diam- 
eter, and  made  of  vitrified  or  salt  glazed  fireclay  spigot  and 
«ockct  pipes.  It  should  be  laid  in  a  straight  line  between 
the  disconnecting  trap  in  the  cellar  and  the  street  sewer. 

handhole  should  be  attached  to  the  pipe  in  the  cellar, 
BO  that  in  case  of  chokage,  iron  rfKis  can  be  run  through 
to  the  street  sewer.  The  point  at  which  this  pipe  joins 
the  sewer  should,  if  possible,  be  sufficiently  high  up  the 
Udes  that  the  sewage  can  not  at  any  time  back  up  in  the 
sewer  connections.  The  question  of  the  disposal  of  sew- 
age matter  from  buildings  which  are  located  in  small 
country  towns  having  no  sewer  system  is  sometimes  a 
4ifficuU  one,  especially  when  the  water  supjily  is  taken 
,from  wells, 

998>  Ceaitpoolti  are  commonly  used  to  receive  the 
filth  from  sinks  and  privies;  but  they  are  so  liable  to  foul 
the  soil  for  many  yards  in  every  direction,  to  pollute  the 
Bir,  and  to  poison  all  the  wells  in  the  vicinity,  that  they 
should  never  be  employed  if  they  can  be  avoided. 

It  seems  almost  incredible  that  rational  people  should 
deposit  their  slops  and  excreta  in  a  pit  which  is  dug  in  the 
same  stratum  of  earth  which  contains  the  well  from  which 
Ithcy  take  their  drinking  water;  yet,  this  is  one  of  the 
^commonest  hygienic  crimes  perpetrated  In  rural  com- 
<4nunities.  The  frequent  epidemics  of  typhoid  fever,  diph- 
itbcria,  and  scarlet  fever  which  have  resulted  from  this 
iractice  have  led  the  State  Boards  of  Health  in  many  States 
ko  prescribe  that  no  cesspool  or  privy  vault  shall  be  built  or 
|in&mtained  within  l.'ill  feet  of  a  well  which  furnishes  water 
^or  drinking  or  cooking  purposes.  Even  this  distance  is 
9  unsafe  that  the  local  Boards  of  Health  are  empowered 
\a  many  States  to  forbid  them  altogether  if  they  think 
»t. 
U   the  ground   is   composed  of  gravel   or  louse   stones, 
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or  coarse  sand,  the  cesspool  is  generally  built  of  loose 
stones  without  mortar,  so  that  the  water  may  filter  away 
and  leave  the  solid  matter  behind.  The  joints  of  the  stones, 
however,  soon  become  clogged  with  soap  and  grease,  if  the 
grease  is  not  intercepted  before  reaching  the  cesspool,  and 
the  filtration  is  stopped.  The  cesspool  then  fills  up  and 
overflows. 

If  the  ground  is  of  a  clayey  nature,  and  no  other  method 
of  disposal  can  be  had,  the  cesspool  will,  of  course,  fill  up, 
and  it  must  be  pumped  out  when  full ;  the  matter  pumped 
out  may  be  used  as  a  fertilizer. 

The  cesspool  should  be  dug  as  far  as  possible  from  the 
building,  and  should  not  upon  any  account  be  near  a  well, 
neither  should  the  drain  pips  leading  to  the  cesspool  be  run 
near  a  well. 

Cesspools  should  not  be  built  air-tight,  but  should  have  a 
vent  pipe  discharging  at  a  safe  and  proper  distance  from 
the  house.  A  running  trap  also  should  be  placed  on  the 
drain  pipe  near  the  cesspool,  having  a  fresh-air  inlet  and 
vent  cap  attached,  so  that  a  constant  current  of  fresh  air 
may  pass  through  the  drain. 

Filtration  is  a  most  unsatisfactory  procedure.  The 
glutinous  sludge  soon  chokes  every  description  of  a  filter. 

999.     If  the  sewage   be  dlHctiar||rcd   into  a  river  or 

the  »ea,  the  outlet  end  should,  if  possible,  be  above  high- 
water  mark,  so  that  high  tides  or  rising  of  the  river  will 
not  cause  the  water  to  flow  up  the  sewer  and  perhaps 
choke  it  by  backing  up  the  solid  matter.  If  the  outlet 
must  be  below  water  mark,  it  should  have  a  light  brass  flap 
valve  attached,  to  prevent  fish,  etc.,  from  entering  the  pipe. 
It  should  also  have  a  relief  or  vent  pipe  attached  at  a  con- 
venient point  to  let  out  the  air  when  a  volume  of  water  is 
passing  down  the  drain  or  when  water  backs  up. 

Crude  sewage  should  not  be  discharged  into  rivers  or 
streams  whose  velocities  are  low  and  volumes  small,  or 
where  the  velocity  decreases  between  the  point  of  sewage 
discharge  and  the  mouth  of  the  river,  such,  for  example,  as 
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|:a  deep  or  wide  pool  or  dam  in  the  river.  As  soon  as  quiet 
[water  is  reached,  the  sewage  matter  will  deposit  there  and 
i-putrefy  and  pollute  the  river. 

Neither  should  the  crude  sewage  discharge  into  the  sea 
lat  points  where  natural  currents  can  not  lie  obtained  to 
Icarry  the  solids  seawards;  because,  if  such  a  current  can- 
Inol  be  obtained,  the  solid  matter  will  be  floated  upon  ihe 
■beach  and  become  a  nuisance;    or   it    will    accumulate   in 

■  mud  banks  and  evolve  offensive  odors  when  agitated.  The 
I'Chief  trouble  to  be  found  in  discharging  drains  and  sewers 

■  Into  the  sea  is  that  the  sewage  is  biukcil  up  into  the  sewer 
I  twice  in  24  hours.     That   is  caused  by  the  ehb  and  flow  of 

■  the  tide.  This  necessitates  a  good  flush  when  the  tide  is 
I  low.     The  same  trouble  is  experieneeU  with  tidal  rivers. 

10(M>.  By  the  IrrlKotlon  method  the  sewage  is  con- 
I  veyed  to  a  tract  of  land  romijosed  of  s;ind  or  light  loam, 
I  If  possible,  where  it  is  spread  over  or  through  the  ground 
■and  constitutes  the  food  of  vegetation  so  far  as  derived 
I  from  the  soil 

1001.  There  are  many  varieties  of  cbemlcal    Irvat- 
ncntB  of  sewage,  but  it   is  not  within  the  limits  cif  this 

I'Course  to  treat  upon  any  of  them.  The  motive  for  chemi- 
tcal  treatment  is  to  convert  the  sewage  into  a  fertilizer,  or 
I  otherwise  dispose  of  it, 

1002.  The  use  of  the  dry-eiirth  closet  in  place  of 
yrivy  vaults  for  the  disposal  of  human  excreta  is  rapidly 
extending  anionj^  the  more  intelligent  class  of  people.  In 
[this  apparatus  the  excreta  are  covered  with  dry  earth,  pref- 
Wably  loam,  or  with  the  siftingsof  anthracite  coal  ashes.  The 
^shes  from  bituminous  coal  are  worthless  for  this  purpose. 

The  quantity  to  be  used  on  each  occasion  is  about  one 

buart,  which  is  uBually  enough  to  absorb  all  of  the  liquids. 

Bind  to  neuirahne  ail  of  the  odors.     The  accumulations  are 

»ived  in  pails,  and  are  carried  away  at  intervals  to  the 

[arden  or  meadows  as  fertilizers.      The  sanitary  advantages 

[  this  system  are  so  great  that  it  is  likely  to  come  into 

Bral  use  for  outdoor  closets  for  country  homes. 
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SBWBRB. 

1003*  Sewers  for  cities,  towns,  or  villages  are  of  two 
classes :    the  separate  system  and  the  combined  system. 

The  separate  system  consists  of  two  sets  of  drains,  one 
to  convey  to  a  suitable  and  safe  point  of  discharge  all  the 
water  supply  which,  whether  used  for  drinking,  washing,  or 
other  purposes,  is  returned  in  a  foul  state  as  sewage.  This 
pipe  should  be  laid  water-tight.  The  other  drain  is  used 
only  to  carry  away  to  some  convenient  watercourse  all  the 
rain  or  storm  water  falling  or  flowing  upon  the  sewered 
districts.  This  drain  need  not  be  water-tight  if  the  soil  in 
which  it  is  laid  is  wet,  as  it  will  thus  drain  the  land  when 
storm  water  is  not  flowing  through  it. 

The  volume  of  sewage  from  any  town  or  city  is  practi- 
cally a  known  quantity.  It  is  nearly  equal  to  the  water 
consumption,  if  roof  and  storm  waters  are  excluded.  The 
volume  of  sewage  changes  slightly  with  the  hours  of  the  day, 
more  flowing  during  the  day  than  during  the  night.  The 
sewage  pipe  should  not  be  too  large,  but  should  be  propor- 
tioned to  the  work  it  will  have  to  do.  Less  fall  will  be 
required  for  it  than  for  one  which  carries  storm  water 
combined  with  sewage,  as  there  is  no  grit  and  sand  to  be 
washed  forwards. 

1004»  The  combined  system  is  that  in  which  the 
roof  and  storm  water  is  conveyed  to  a  suitable  point  of  dis- 
charge by  the  sewers  which  convey  the  sewage  from  the 
buildings.  The  uniting  of  the  two  is  claimed  to  be  an 
advantage,  since  the  storm  waters  flush  the  drains  admirably. 

Such  sewers,  if  made  large  enough  to  carry  off  the  heaviest 
thunder  shower,  are  much  too  large  for  dry  seasons.  A 
small,  shallow,  sluggish  stream  of  sewage  will  then  flow 
through  them,  and  solid  matter  is  liable  to  accumulate, 
putrefy,  and  evolve  scwcr gas.  If  the  sewers  are  constructed 
too  small  or  have  too  little  fall,  they  will  fill  up  during  heavy 
storms,  and  the  water  will  back  up  into  the  basements. 

lOOS.  The  shape  which  should  be  given  to  a  sewer  de- 
pends upon    the  nature   of   the   flow    through    it.     If  the 
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quantity  of  liquid  is  fairly  constant,  a  circular  sewer  or  pipe 
may  be  used.  If  the  flow  is  variable,  as  is  always  the  case 
where  storm  waters  are  to  be  disposed  of,  the  sewer  should 
be  egg-shaped. 

The  proper  form  to  be  given  to  an  tfKK-»l<uped  ttewer 
is  shown  in  Fig.  351.  The  upper  part  is  a  half-circle,  having 
the  diameter  d. 
The  total  height  // 
is  equal  to  li  times 
d.  The  bottom 
curve  has  a  radius 
r,  which  equals  i  d. 
The  sides  are 
curved  to  a  radius 
r„  which  equals  the 
height  h. 

The  special  ad- 
vantage presented 
by  this  form  is  that 
with  a  minimum 
quantity  of  water  a 
maximum  depth 
can  be  obtained,  k,,-.,  y.i, 

and  that  as  the  depthof  the  stream  is  ditninishc  1  tlic  wetted 
perimeter,  which  is  the  friction-producing  fact  r  (s  r<.di  i  1 
proportionately. 

The  invert  block  .(  must  be  set  upon  a  snlid  unyielding 
foundation.  It  is  made  cif  tcrra-ccitta,  salt-ghimii  im  its 
inside  face.  The  sjiaces  u  wiliiin  the  hl.ick  may  lie  used 
to  drain  the  land.  They  furni  cuiUiuiiuus  <lian:icts  in  ihe 
sewer  outlet. 

The  house  drain  h  sh.mld  jniu  the  sewer  ah..vr  Uic  li.u-  ,/, 
as  shown.  If  tluTc  is  danger  ..f  wat.T  lacking  in  I  h<- Mowers, 
the  orifice  ..f  /-  shc.uld  be  tirolcctc.l  by  a  lig)il-liiii;.;c.l  tlap 
valve,  as  shiiwn. 


lOOtt.     All   sowc 
municatiou  with  the 
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may  freely  pass  out  and  in  to  accommodate  changes  in  vol- 
ume of  the  liquid  flowing  through  them,  or  to  form  a  relief 
pipe  for  the  escape  of  drain  air  should  tidal  water  back  into 
them. 

Some  sewerage  systems  are  furnished  with  ventilating 
shafts  located  at  their  extreme  highest  ends.  These  en- 
sure a  constant  current  of  air  through  the  system,  if 
the  air  in  the  shaft  is  warmer  than  the  atmosphere.  The 
natural  ventilation  of  sewers  and  all  underground  drains 
is  a  current  of  air  traveling  towards  their  lower  end,  or 
outlet,  during  hot  weather,  and  towards  the  ventilating 
shaft  during  cold  weather,  unless  otherwise  affected  by 
prevailing  winds,  etc. 

1()07.  ManholcH  should  be  built  at  every  change  of 
direction  in  a  drain  or  sewer,  for  easy  access,  and  at  suitable 
distances  along  a  straight  sewer.  They  are  usually  built  of 
good  bricks  laid  in  Portland  cement  and  sand,  and  finished 
on  top  with  a  stone  cover  and  strong  cast-iron  plate,  laid 
flush  with  the  ground  or  street. 

Storm  water  and  street  washings  should  not  flow  directly 
into  a  sewer,  as  they  carry  large  (juantities  of  sand, 
sticks,  etc.  Such  water  should  flow  into  a  large  catch  pit, 
built  after  the  principle  of  the  pot  trap.  A  very  deep  water 
seal  should  be  made,  as  the  water  is  subject  to  rapid  evapo- 
ration. The  catch  i)its  are  cleaned  out  periodically,  and  care 
should  be  taken  to  have  the  seal  renewed  after  every 
cleaning. 

The  velocity  of  tlic  flow  in  Hcwern  and  drains  should 
not  be  less  than  '2  or  3  ft.  per  second,  nor  higher  than  4  or 
0  ft.  j)er  second,  if  the  sewers  are  built  of  brick  and  convey 
storm  water.  If  there  is  much  sand  or  grit  in  the  sewage, 
a  velocity  of  (J  ft.  or  more  is  liable  to  wear  away  the 
brickwork. 

The  fall  of  brick  sewers  should  be  about  1  in  240  if 
possible,  thouji^h  with  freciuent  flushing  1  in  GOO  may  be 
permitted.  When  it  is  less  than  this,  solid  matter  will  de- 
posit and  re(}uires  to  be  removed  by  manual  labor. 
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When  it  is  impossible  to  obtain  a  suitable  fall  for  sewers, 
a  thai  the  sewage  may  flow  by  gravity  to  the  point  of  dis- 
Kcliarge,  it  is  necessary  lo  propel  it  forwards  by  mechanical 
Incans. 

STABLE  DRAINAGE. 
1008.  The  waste  water  and  urine  from  stabies,  etc., 
may  be  conducted  away  by  gutters,  which  are  sunk  in  the 
Koor.  These  gutters  are  usually  made  of  cast  iron  and  are 
bciivered  by  perforated  plates,  which  can  be  readily  lifted  off 
Ifor  cleaning  purposes.  The  entire  floor  surface  should  be 
■  .graded,  so  as  to  drain  into  them.  The  gutter  a  may  be  laid 
[with  an  inclination  of  about  I  inch  in  10  ft.,  and  should 
[  empty  into  a  surface  trap  and  catch  basin  />,  as  in  Fig.  352. 


ffhe  solid  matter  will  accumulate  in  the  Imttom  as  shown, 

ind  may  be  removed  by  lifting  off  the  perforated  covers  c 

i  d.     Straw  and  such  matter  that  might  pass  through  the 

r  gratings  is  likely  to  be  intercepted  by  d.     A  trap  screw 

ruld  be  provided  at  r,  through  which  rode  maybe  inserted 

B  the  pipe  /  becomes  choked. 

\  Ttae  clean  waste  water   from  the  .hydrants   or  drinking 
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troughs  should,  if  possible,  empty  into  the  floor  gutters  at 
their  highest  ends,  so  as  to  flush  and  cleanse  them. 


CELLAR     DRAINERS. 

lOOO.  Buildings,  particularly  those  located  on  low 
ground,  are  often  troubled  with  surface  water  accumulating 
in  the  cellars.  If  the  cellar  bottom  be  above  the  level  of  the 
street  sewer  or  other  convenient  point  of  discharge,  the 
surface  water  may  be  disposed  of  by  gravity ;  but  it  is  often 
found  that  the  cellar  floor  is  below  the  level  of  the  street 
sewer,  and  so  it  becomes  necessary  to  dispose  of  the  water 
by  some  other  means.  Of  course,  it  can  he  pumped  out  by 
a  hand  pump,  but  that  requires  attention  and  labor.  An 
automatic  and  self-regulating  contrivance,  called  an  auto- 
matic cellar  drainer,  is  often  used,  the  power  required 
to  raise  the  water  being  water  pressure  from  some  source, 
such  as  the  street  mains. 

lOlO.  An  automatic  cellar  drainer  is  shown  in  Fig.  353. 
It  is  operated  by  means  of  a  small  jet  of  water  having 
sufficient  pressure.  The  machine  is  placed  in  a  small  pit 
which  is  arranged  to  collect  or  receive  all  the  water  which 
enters  the  cellar.  This  may  be  made  of  an  oak  barrel, 
through  which  a  number  of  holes  have  been  bored  and  which 
is  sunk  flush  with  the  floor  or  a  little  below  it,  or  a  brick 
well  hole  may  be  specially  built  for  it.  The  supply  pipe  a 
is  provided  with  a  strainer  in  the  flanged  union  b^  to  prevent 
the  passage  of  anything  which  might  choke  the  jet  in  c. 
The  pressure  water  passes  through  the  valve  d,  and  issues 
from  the  nozzle  c  in  a  fine  stream,  about  ^^  inch  in  diameter. 
The  jet  enters  the  cone  c  and  carries  with  it  a  considerable 
quantity  of  the  surrounding  water  which  enters  through  the 
perforations  in  the  cone  c.  The  strainer /"prevents  the  en- 
trance of  any  matter  which  might  choke  the  cone.  The 
discharge  pipe  j^  extends  upwards  to  a  convenient  height, 
suitable  for  discharge.  The  valve  d  is  provided  with  a 
hollow  stem  of  sufficient  diameter  to  nearly  fill  the  orifice. 
The  water,  after  passing  over  the  edge  of  the  valve  disk, 
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enters  slots  in  the  stem  and  emerges  from  small  holes  higher 
up  the  stem,  as  shuwn  by  arrows.  This  arrangement  pre- 
vents the  valve  from  dancing  or  chattering  on  its  seat  by 
lausing  it  to  fall  under  its  own  weight  when  it  is  but  slight- 
ly open.  The  apparatus  is  started  and  stopped  by  the  float 
i)all  h.  As  the  water  rises  above  a  certain  level,  the  float 
"[icratcs  a  finger  i,  which  touches  a  collar  on  the  valve  stem 
:iiid  pushes  the  valve  open.     The  valve  remains  wide  open 


-^ 


I  the  float  falls  to  a  lower  level  and  causes  the  finger  to 

igsge  the  upper  collar  on  the  valve  stem,  and  thus  lift  the 

e  to  its  seat.     Thus  the  machine  will  start  itself  when- 

fer  the  water  rises  high  enough  in  the  collecting  pit,  and 

J  continue  to  eject  water  until   the  pit  is  nearly  empty; 

is,  when  the  float  has  reached  the  downward  limit. 

!  a  supply  of  steam  can  be  had,  a  common  steam 

r  may  be  used  in  a  similar  manner. 
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WATER  SUPPLY. 


METHODS  OF  SUPPLYING  WATER. 

lOl  !•  In  the  case  of  isolated  buildings,  such  as  country 
residences,  the  plumber  is  frequently  called  upon  not  only 
to  provide  fixtures  and  piping,  but  also  to  provide  means 
for  procuring  water.  A  knowledge  of  the  machinery  which 
is  available  for  that  purpose  is  therefore  necessary.  In  city 
houses  machinery  is  used  for  pumping  water  into  tanks  on 
the  top  floors  when  the  pressure  upon  the  street  mains  is 
insufficient  to  raise  the  water  high  enough  to  properly 
supply  the  upper  floors. 

For  raising  water  to  a  moderate  height  from  wells  or 
cisterns,  say  about  10  feet,  cbaln  pumps  are  to  be  pre- 
ferred, because  they  agitate,  and  thus  to  some  extent  aerate 
the  water.  They  can  not  be  used  for  forcing,  however,  and 
when  the  lift  is  great,  a  piston  or  plunger  pump  must  be 
used.  To  fix  a  pump  in  place  the  workman  is  sometimes 
required  to  descend  into  the  well.  All  deep  excavations  in 
the  earth  are  liable  to  become  partly  filled  with  carbonic 
acid  gas,  which  is  fatal  to  all  animals,  and  kills  by  suffoca- 
ting them.  The  well  should  be  tested  by  lowering  a  lighted 
candle  or  lamp,  on  a  wire  or  cord,  to  the  surface  of  the  water. 
If  the  flame  burns  badly  or  goes  out,  it  indicates  that  gas  is 
present  in  a  dangerous  quantity.  This  test  should  be  made 
e7H'ry  morning  before  descending  into  the  well.  The  accu- 
mulation of  the  gas  is  quite  irregular,  and  it  depends  to 
some  extent  upon  the  pressure  of  the  air  as  shown  by  the 
barometer.  Sometimes  a  well  which  is  free  from  gas  upon 
a  certain  day  will  accumulate  enough  gas  during  a  single 
night  to  be  dangerous  the  next  morning,  especially  if  the 
weather  is  changing. 

1012.  Pneumatic  pressure  may  be  employed  to 
force  water  to  a  building  by  simply  forcing  the  water  into 
a  large  closed  vessel  furnished  with  an  inlet  and  outlet  pipe 
so  attached  that  the  air  will  be  locked  in  the  vessel  and  can 


and  an  outlet  pipe  c  led  to  the  hoi 
tu  be  supplied  with  water,  forms  an 
underground   storage    tank    under 
pressure. 

A    check-valve   d    prevents    the 

*  ~~  water    in    A    from     flowing    back 

ihr  ii^li  /   111       I     1     ii|i  or  out  of  the  draw-off  cock  (' above 

f  the  aur(ui-c  I'i  Llic  ^n  iind.     It  wiil  be  seen  that  the  plunger 

t  the  pump  r\hnder,  which  is  under  water  In  the  well,  is 

irated  by  tht   application  of  force  to  the  handle  of  the 

■t  lever  /,  the  fulcrum  of  which  is  solidly  bolted  to  a 

latform  over  the  well.      The  pump  shown  is  single-acting, 

it  raises  water  with  the  up  stroke  of  the  plunger.     A 

■box  at^,  through  which  the  plunger  rod  h  moves. 

Water-tight  joint. 

)  and  waste  cock  on  the  pipe  which  supplies  c  can  be 
1  liy  a  T- handle  key  (.      This  is  only  for  winter  use  to 
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shut  off  water  from  e  and  drain  its  supply  pipe  below  frost. 
This  plan  of  underground  storage  has  the  advantage  of 
always  keeping  the  water  cool  in  summer  and  of  storing  it 
away  where  foul  odors  can  not  contaminate  it.  It  has  also 
two  disadvantages:  First,  the  pressure  will  be  irregular, 
gradually  decreasing  as  the  water  flows  from  the  cylinder. 
Second,  unless  air  be  forced  into  the  cylinder,  that  contained 
in  the  cylinder  will  soon  be  absorbed  by  the  water. 

1013.  If  a  small  stream  of  good  water,  having  a  fall  of 
5  feet  or  more,  flows  within  a  reasonable  distance  of  the 
premises,  a  bydraullc  ram  may  be  used  to  great  advantage 
to  pump  a  steady  supply  of  water  into  a  suitable  house  tank. 
The  principle  upon  which  this  machine  is  constructed  is 
explained  in  Art.  615. 

These  rams  are  also  made  double,  so  that  they  may  be 
operated  by  a  stream  of  dirty  or  impure  water,  but  take 
pure  water  from  some  other  source  and  elevate  it  to  the 
point  desired. 

The  drive  pipes  which  are  attached  to  hydraulic  rams 
should  be  of  wrought  iron  or  brass,  because  the  hammering 
of  the  water  columns  will  rapidly  destroy  ordinary  lead  pipes. 
They  should  not  be  less  than  30  or  40  feet  long,  otherwise 
the  weight  of  the  driving  columns  will  be  too  small.  If  two  or 
more  rams  are  used,  each  must  have  its  own  independent  dri- 
ving pipe;  but  they  may  all  discharge  into  the  same  delivery 
pipe.  If  angles  or  bends  arc  necessary  in  any  of  the  pipes, 
they  should  be  made  by  bending  the  pipes  to  as  large  a  radius 
as  practicable.  Angles  should  not  be  made  with  ordinary 
pipe  fittings,  because  they  seriously  impede  the  movements 
of  the  water.  To  facilitate  repairs  each  drive  pipe  and  each 
delivery  connection  should  be  provided  with  a  straight- 
way or  gate  valve. 

1014.  When  windmillHare  employed  for  raising  water 
it  is  especially  necessary  that  the  pumps,  which  are  single- 
acting,  be  provided  with  extra  large  air  chambers;  otherwise 
the  mill  is  liable  to  hammer  itself  to  pieces,  or  make  an 
unbearable  amount  of  noise. 
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1015>  Hot-air  enElnes  are  very  well  adapted  for 
pumping  purposes.  They  require  very  little  attention  and 
use  but  little  fuel.  Care  must  be  taken  to  avoid  overheating 
them,  and  to  keep  them  properly  lubricated.  If  the  engine 
is  of  the  vertical  type,  the  engine  house  roof  must  be  made 
high  enough  to  permit  the  removal  of  the  pistons  by  means 
f  a  block  and  tackle.  There  should  be  a  hatch  in  the  roof 
large  enough  to  allow  the  pump  rods  and  tubes  to  be  lifted 
but  of  the  well. 

1016.  Another  type  of  engine  which  has  been  recently 
perfected  is  the  oil  eniflae.  This  machine  uses  a  small 
quantity  of  mineral  oil,  of  any  grade,  from  crude  petroleum 
lo  gasoline.  The  oil  is  changed  to  a  vapor  which  is  exploded 
En  the  cylinder  of  the  engine.  For  equal  power  they  are 
much  smaller  in  size  than  hot-air  engines.  There  is  no 
danger  connected  with  their  use,  except  that  which  arises 
Irom  the  presence  of  the  oil  tank  upon  the  premises.  They 
'require  a  certain  amount  of  cooling  water  to  be  circulated 
through  them.  Usually  the  water  which  is  ]mmped  by  them 
'can  be  used  for  couling,  without  objection.  They  can  be 
used  anywhere,  and  can  be  operated  by  almost  anybody. 

101  7.  In  towns  where  gasor  eleirtrlcitycan  be  obtained, 
(aa  entr<n*:»  '  t  electric  motors  may  be  employed  to  good 
'advantage  for  pumping  purposes. 

101 8.  For  hotels  and  other  places  which  require  a  large 
lunt  of  water,   the  Hteuni   pump   is  probably  the  best 

Bchine  that  can  be  employed, 

1019.  The  amount  of  water  which  is  actually  required 
!r  day  has  been   found  by  measurement  to  be  about  25 

[ailons  for  each  person,  large  or  small. 
This  amount  is  approximately  made  up  as  follows: 
1  quart  for  drinking. 
1  quart  in  fond. 

1  gallon  for  washing  dishes  and  cooking  utensils. 
S  gallons  fur  housecleaning. 
S  gallons  for  washing  clothes. 
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5  gallons  for  toilet  purposes. 

The  remainder  is  used  for  bathing  and  water  closets. 
A  horse  will  drink  about  7  gallons  per  day,  and  wilt  need  4 
gallons  for  washing. 

A  carriage  will  require  from  ft  to  IG  gallons  for  washing. 
A  cow  will  drink  5  to  c.  gallons  per  day. 


THB  ERICSSON   HOT-AIR  BNGINB. 

1020.     In    Fig.    355   is   shown   a   general  view   of  the 
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l-Brlcsson  bot-air  engine.     This  engine  is  chiefly  used  in 

■  connection  with  a  low-duty  pump,  and  may  be  had  with  the 
I  fire  chamber  adapted  to  any  class  of  fuel.     The  style  shown 

s  designed  to  use  gas  as  a  fuel,  and  is  very  suitable  for  use 
kin  city  buildings  where  city  gas  is  easily  obtained,  or  in 
Ksuburban  or  country  buildings  having  their  own  gas-making 
{machines. 

The  engine  is  composed  of  a  solid  iron  rectangular  frame 
1 0  supported  by  four  wrought-iron  legs  b,  b,  solidly  bolted  to 
I  the  floor.  A  cast-iron  bracket  r  and  a  wrought-iron  post  (^ 
[support  a  fly-wheel  c  which  has  acrankyaltachedtoits  axle 
I  by  a  keyed  joint.  The  power  arm  ^of  the  bent  lever,  or 
I  tell-crank.  whose  fulcrum  is  i,  engages  with  yby  means  of 

a  connecting  link  //.  A  cast-iron  cylindery,  having  a  water- 
1  jacket  k  around  its  upper  part,  is  fitted  closely  with  a  main 
[  piston  /  connected  to  an  overhead  lever  >n  by  connecting 
I  links  n.  The  cylinder  is  fitted  loosely  with  a  transfer  piston 
\e\  this  piston  is  connected  to  a  rod/  which  branches  out 
I  over  the  walking  beam  w,  and  passing  down  outside  of  the 
[  water-jacket  connects  on  the  weight  arm  q  of  the  bent  lever, 
I  9|5  shown  by  dotted  lines.  One  end  of  the  walking-beam 
[  engages  with /by  means  of  a  connecting  link  ;■;  the  other 
\  end  engages  with  the  piston  rod  of  a  pump  chamber  s  which 

3  bolted  to  the  water-jacket  by  means  of  a  brass  connecting 
I'link  /.     The  form  of  pump  shown  is  usually  furnished  with 

Jic  engines,  being  specially  designed  for  them.     The  pump 

ifaown  is  single-acting,  and  the  plunger  moves  in  a  brass 
heylinder  within  the  pump  chamber  s,  as  shown.  The  foot 
[valve  »  is  simply  a  disk  of  rubber  held  in  place  by  a  brass 
il>olt.     The  outlet   or   discharge  valve  i'  is  a  right  circular 

■  -cylinder  of  rubber  resting  loosely  on  an  oblong  seat.     The 

niction  pipe  a'  is  connected  to  the  source  of  water  supply, 
^ther  a  shallow  well,  cistern,  or  city  water  mains.  It  is 
istomary  to  place  an  air  chamber  x  upon  the  pipe  icand 
!ar  the  pump.  A  brass  gland  and  nut  at^' holds  the  pump 
1  packing  in  place.  The  furnace  p  is  composed  of  a  double 
Jlickness  of  heavy  sheet  iron  having  insulating  material 
^tween,  and  is  fitted  with  a  sheet-iron  pipe  to  convey  the 
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products  of  combustion  to  some  convenient  chimney.  In 
the  figure  the  furnace  is  shown  fitted  with  atmospheric  gas- 
burners  a^  of  the  Bunsen  type.  Atmospheric  gas-burners  are 
described  in  the  section  on  Gas  and  Gas  Fitting.  A  lever 
handle  stop-cock  is  attached  to  the  gas  supply  pipe,  and  a 
screwed  union  is  placed  on  the  pipe  between  the  burner  and 
the  stop-cock,  so  that  the  burner  may  be  taken  out  at  any 
time.  The  cast-iron  heater  b^,  which  is  a  cylinder  with  an 
elliptical  lower  end,  hangs  in  the  combustion  chamber  or 
furnace,  and  is  supported  by  bolts  which  attach  it  to  the 
upper  cylindery  by  an  air-tight  joint.  Another  cylinder,  or 
sleeve,  r,  is  suspended  within  d^  in  such  a  manner  that  com- 
munication is  had  between  the  spaces  above  and  below  the 
transfer  piston. 

1021.  When  the  heater  is  sufficiently  hot  (its  working 
temperature,  of  course,  varying  with  the  work  the  pump  has 
to  do,  but  usually  a  dull  red  heat),  the  fly-wheel  is  revolved 
by  hand  once  or  twice  to  start  the  engine.  When  at  work, 
the  heater  d^  is  kept  at  a  dull  red  heat.  As  the  parts  are 
shown  in  the  cut,  the  piston  /  is  very  near  the  lower  end  of 
its  stroke,  and  the  plunger  or  transfer  piston  o  has  made 
about  one-third  of  its  upward  stroke.  As  it  approaches  /,  the 
air  between  them  is  driven  downwards,  between  r^aiuly*,  into 
the  space  underneath.  As  the  air  passes  over  the  rt^d  hot 
surface  of  /?^^  it  is  quickly  heated  and  expanded.  The  pres- 
sure which  results  from  the  expansion  drives  the  piston  / 
upwards  and  rotates  the  fly-wheel.  About  the  time  that  / 
reaches  the  middle  of  its  stroke,  the  plunger  starts  down- 
wards, and  quickly  displaces  the  air  in  the  hot  lower  end  of 
the  cylinder,  driving  it  into  the  upper  and  cold  end.  As  the 
air  comes  into  contact  with  the  water-cooled  surfaces  of  the 
cylinder,  it  parts  with  its  heat  to  the  water  and  contracts 
correspondingly.  The  pressure  decreases  sufhcicntly  to  per- 
mit the  fly-wheel  to  return  the  piston  to  the  lower  end  of  its 
stroke  without  stopping,  and  to  move  the  i)]iin<;er,  thus 
shifting  the  cooled  air  into  the  heater  again.   The  pressure 
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of  the  air  within  the  cylinder  thus  rises  and  falls  once  during 
each  revolution. 

It  will  be  seen  that  the  air  when  e.x;pande3  by  the  heat  of 
the  fire,  forcing  the  piston  /  upwards,  also  raises  the  pump 
plunger,  which  forces  a  certain  quantity  of  water  through 
the  water-jacket  and  into  the  delivery  pipe  connected  to  it. 
A  copper  air  chamber  (/,  is  attached  to  the  delivery  pipe  near 
the  water-j.ickct,  and  forms  a  cushion  to  receive  sudden 
shocks  which  might  otherwise  burst  the  outer  shell,  or  jacket. 

The  student  will  observe  that  all  the  water  raised  with 
this  engine  must  pass  through  the  water-jacket  and  do  duty 
as  a  cooling  medium.  He  will  also  observe  that  only  the  up 
stroke  of  the  pump  raises  the  water.  To  stop  the  engine  it 
is  only  necessary  to  shut  off  the  gas. 

When  it  is  necessary  for  the  pump  to  raife  water  to  a 
height  greater  than  100  feet,  such  as  is  often  the  case  in 
country  buildings,  a  double  cylinder  hot-air  engine  is  most 
commonly  used.  With  thisdass  of  engine,  coal  is  generally 
used  as  the  fuel,  although  furnaces  can  be  had  which  will 
burn  any  kind  of  fuel. 


THE  RIIICR   COMPRESSION  c^<ilxr:. 

1022.     In    Fig.  ;i&r)   is  shown   a   KIder    compression 

«nicine,  especially  designed  for  heavy-duty  pumping. 
Although  composed  of  two  cylinders,  its  principles  of  action 
are  nearly  the  same  as  the  Ericsson,  already  explained. 
The  compression  piston  a  extends  down  into  the  base  of  the 
engine,  and  closely  fits  the  cylinder  b  and  a  sleeve  sus- 
pended from  it  which  extends  down  to  about  J  inch  from 
the  bottom,  as  shown.  An  air  space,  in  the  form  of  an 
annular  passage,  is  provided  between  this  sleeve  and  the 
cooler,  or  water-jacket  c.  The  power  piston  d,  which  fits 
the  cylinder  c  closely,  extends  down  into  the  heater  /, 
aiul  closely  fits  the  top  of  a  sleeve  suspended  from  e,  and 
which  extends  down  into  the  annuUis  of  the  heater,  as 
shown.  Annular  air  passages  are  formed  around  the  power 
piston  and  the   sleeve.     The  air   space  within    the   heater 
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communicates  with  the  space  enclosed  by  the  water- jacket 
I  c  by  means  of  a  regenerator  g,  fitted  with  a  number  iif  thtii 
gilates  held  apart  about  |  of  an  inch.  The  pistons  a  and  it 
engage  with  a  fly-wheei  and  axle  supported  by  cast-iron 
brackets,  as  shown,  by  means  of  cranks  h  and  connecting- 
rods  i.  An  arm  bolted  to  the  top  uf  the  compression  piston 
connects  with  the  plunger  rod  of  the  pump.  A  snifter 
valve/,  whose  action  is  similar  to  a  vacuum  valve  (see  Art. 
765),  furnishes  air  to  the  interior  of  the  compression 
chamber,  if  at  any  time  the  pressure  therein  becomes  less 
than  that  of  the  atmosphere. 

Douhle  cup  leathers  are  secured  at  k  to  make  the  pistons 
I  air-tight   around  their    top.     Any  leakage  of  air  at  these 
packings  or  elsewhere  is  compensated  for  by  a  supply  of  air 
(  throughy.     The  furnace  pot  of   this  engine   is  lined  with 
t  thick  firebrick,  and  a  ti-inch  or   .-inch  smoke  pipe  is  taken 
I  from  the  back  of  the  combustion  chamber  if  coal  is  used  as 
I  the  fuel.     In  operation  the  heater  is  maintained  at  a  low 
I   red  heat.      When  the  parts  are   in  the   position  shown,  the 
I  greater  part  of  the  air  is  in  the  heater  and  is  expanding, 
L  thus  driving  the  piston  </ upwards.     During  the  last  half  of 
I  its  upward  stroke  it  is  assisted   by  the  pressure  which  acts 
I  under  the   piston   a.     By  the   time   that  the  piston  </  has 
I  reached  the  middle  of  its  downward  stroke,  the  plunger  a 
[  has  risen  to  the  top  of  its  stroke,  and  the  greater  part  of 
,  the  air  has  been  driven  through  the  regenerator  into  the 
cooler.     The  pressure  rapidly  falls  and  permits  the  fly-wheel 
to  drive  rf  to  the  Iwattom  of  its  stroke.     Meantime  a  comes 
half-way  down   and   compresses  the   charge  of   air.     As  a 
continues   to   move   downwards,   d  begins  to  rise,  and  the 
transfer  of  the  cooled  air  to  the  heater  begins.     Thus  the 
pressure  rises  and  falls  within  the  engine  during  each  revo- 
lution.     In  the  passage  of  the  hot  air  from  the  heater  to 
the  compression  cylinder,  a  large  amount  of  heat  that  has 
been  absorbed  and  retained  by  the  regenerator  plates  is  trans- 
mitted to  the  air  on  its  passage  back  to  the  heater.     Thus  it 
will  be  seen  that  the  regenerator  is  a  very  economical  feature. 
The  pumps  used  in  this  class  of  engine  are  double  acting. 
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The  lower  parts  /  and  ;//  of  the  pistons,  which  are  subject 
to  high  temperature,  are  filled  with  non-combustible,  non- 
conducting material.  The  packings /ton  top  of  the  cylinder 
e  are  kept  at  a  low  temperature  by  a  water  collar  «,  through 
which  a  stream  of  water  is  allowed  to  flow  while  the  engine 
is  working.  The  water-jacket  c  is  connected  to  «  by  a 
^-inch  iron  pipe  having  a  stop-cock  in  it  to  regulate  the  flow. 
The  surplus  water  passing  through  ;/  is  usually  allowed  to 
go  to  waste.  It  is  only  a  very  small  stream,  forming  a 
mere  fraction  of  the  quantity  of  water  delivered  by  the  pump. 

Care  must  be  taken  when  oiling  these  hot-air  engines  not 
to  allow  oil  to  flow  into  the  cylinders,  as  it  soon  becomes 
baked  hard  and  fast,  and  finally  stops  the  engine  by  jamming 
the  pistons. 

These  engines  must  be  set  upon  a  solid  foundation,  pref- 
erably a  concrete  floor,  and  the  base  should  be  bolted  to 
the  floor.  They  must  also  be  set  perfectly  plumb,  so  that 
the  pistons,  which  are  very  heavy,  will  bear  equally  all 
around. 

Care  must  be  taken  also  to  avoid  overheating  the  heater 
cylinders.  They  are  liable  to  crack  if  they  are  heated  too 
highly  or  unevenly. 

These  engines  are  specially  adapted  for  heavy  pumping 
where  unskilled  labor  is  employed  to  run  them. 


WATER    METERS. 

1023.  Water  meters  are  used  to  measure  the  quan- 
tity of  water  which  passes  through  the  service  pipe  to  the 
building. 

The  requirements  of  a  good  meter  are  that  it  shall  meas- 
ure accurately  ^y// the  water  which  flows  through  it,  whether 
it  passes  as  a  very  small  stream,  or  is  of  the  full  capacity  of 
the  pipe.  The  working  parts  should  be  durable,  so  that  the 
accuracy  of  the  meter  may  be  mamtained  for  a  long  period. 
The  meter  should  offer  as  low  a  resistance  to  the  flow  of  the 
water  as  possible. 

Meters  should  always  be  set  level,  to  secure  proper  oper- 
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ation  of  the  working  parts.  They  should  be  placed  on  the 
main  service  pipe,  close  to  the  point  where  it  enters  the 
premises,  with  a  waste  cock  on  the  side  next  to  the  mains, 
so  that  the  water  may  be  drained  from  it  when  desired.  An 
air  chamber  t)f  generous  size  should  be  attached  to  the  ser- 
vice pipe  clnse  In  the  meter,  upon  the  inlet  side,  to  absorb 
all  the  shocks  that  occur  in  the  pipes. 


1024.  The  meter  must  be  placed  so  that  the  dials  can 
be  readily  observed.  The  method  of  reading  the  dials  is 
about  the  same  in  all  kinds  of  meters,  Fig.  300  shows  the 
ordinary  arrangement.  The  figure  to  be  taken  is  always 
thai  one  which  the  piiinler  has  last  passed,  not  the  one 
which  it  is  approaching.  The  figure  which  is  indicated  upon 
the  dial,  marked  10,  must  be  put  down  first;  that  is,  in  the 
nnltt*  place.  Tn  the  left  of  it  put  duwn  the  figure  indicated 
upon  the  dial  marked  UK);  to  the  left  of  that  put  down  the 
figure  indicated  upon  the  dial  marked  1,000,  and  so  on, 
Thns  the  dials  in  Fig.  3m  indicate  0,417  cubic  feet.  The 
small  dial  marked  uiie  foot  indicates  only  fractions  of  a 
cubic  foot.  Ti)  find  the  quantity  of  water  whic-h  has  passed 
through  the  meter  in  any  certain  lime,  subtract  the  previous 
reading  from  the  later  one. 

Great  care  must  be  taken  to  protect  the  meter  by  means 
of  a  fine  strainer  from  the  entrance  of  fish,  sand,  etc.  The 
working  parts  are  usually  made  of  hard  rubber,  which  is 
quickly  destroyed  by  liot  zvatir.  If  there  is  any  danger  of 
hoi  water  flowing  back  from  the  boiler  to  the  meter,  a  meter 
should  he  used  which  has  its  working  parts  made  of  brass  or 
bronze. 

The  accuracy  of  a  water  meter  may  be  tested  by  weigh- 
ing the  water  which  passes  through  it.  Several  testsshould 
be  made,  drawing  the  water  slowly  in  some  tests,  and  as 
rapidly  as  possible  in  others.  An  ordinary  barrel  will  hold 
about  5  culiic  feet,  or  between  350  and  400  lb.  of  water,  and 
is  of  convenient  size  for  this  purpose. 

There  arc  many  varieties  of  water  meters  upon  ihe 
market:  a  few  of  Ihe  most  common  are  as  follows: 
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1025.  The  piston  meter,  having  two  reciprocating 
pistons  working  in  suitable  water  barrels;  if  well  con- 
structed, it  is  an  accurate  machine.     The  IVorttalniEton  is 

a  good  representative  of  this  class. 

1026.  The  variety  shown  in  Fig.  357  is  a  rotary 
piston  meter ;  this  has 
two  revolving  cylinders  a, 
provided  with  wings  which 
roll  together  in  such  a 
manner  that  no  water  can 
escape  past  them  without 
being  measured.  The 
elliptical  gears  in  the 
chamber  b  prevent  the  pis- 
tons a  from  becoming 
locked.  Each  revolution 
of  the  pistons  allows  a  cer- 
tain definite  amount  of 
water  to  pass,  and  the 
registering  apparatus  in 
the  top  chamber  is  so  con- 
structed that  it  will  show 
the  gross  amount  in  cubic 
feet.       The    meter    is    at- 

PiG.'sw.  tached   to   the  pipe  by   a 

coupling  connection  at  c  and  by  a  corresponding  connection 
on  the  opposite  side. 

1 027.  The  dlMk  meter  is  shown  in  Figs.  35S,  351),  and 
;iiiO.  The  disk  a  in  Fig.  ;(5S  is  attached  to  a  central  ball  b, 
which  rocks  in  suitable  bearings  in  the  top  and  bottom  heads 
c.  These  heads  are  conical,  and  the  sides  of  the  chamber  in 
which  the  disk  moves  are  truly  spherical.  A  top  view  of 
the  disk  and  working  chamber  is  shown  in  Fig.  350;  the. 
water  enters  at  a  and  passes  out  at  h,  the  outlet  being 
divided  from  the  inlet  by  a  )>anitLon  c  which  extends  from 
the  upper  t..  the  lower  head,  and  from  the  ball  to  the  side 
of  the  chamber.     The  disk  is  slotted  to  fit  over  this  partition. 
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The  roller  d,  which  touches  the  siiiil  <■  central  with  thel 
spherical  chamber,  compels  the  disk  to  always  touch  thai 
upper  and  lower  heads.  Since  the  heads  are  frustums  of  I 
cones,  and  since  the  disk  is  a  flat  plate,  it  follows  that  thel 
latter  is  in  contact  with  the  tipper  and  lower  heads  only  J 
along  a  single  line.  Referring  to  Fig.  358,  which  is  a  i 
tion  taken  through  the  outlet  port  b.  Fig.  35tt,  let  the  disk'l 


be  depressed  until  it  uiciipics  its  lowest  position  in  front  c 
the  inlet  port.  Then  iht;  disk  will  touch  the  uppur  head  jtii 
about  opposite  the  partition  c,  Fig.  ^5!).  The  influwini 
water  fills  the  space  from  the  inlet  port  to  the  line  of  conJ 
tact  of  the  disk  with  the  upper  head;  it  tends  to  force  th< 
disk  away  from  the  latter.  But  since  the  roller  d  preventJ 
this,  the  disk  gyrates;  i.  e.,  rolls  along  the  conical  surfan 
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lof  the  heads.  As  the  disk  keeps  on  rolling,  it  soon  opens  the 
■outlet  port,  the  momentum  of  the  water  on  the  undt-r  side  of 
Jthedisk  forcing  the  water  ontlie  upper  side  of  the  latter  out 
■into  the  outlet  jmrt.  The  disk  is  now,  in  reference  to  the 
^nlet  port,  in  its  highest  position ;  hence,  touches  the  lower 
Ehead  just  ahout  opposite  the  bridge  c.  Fig.  ^SO.  The  inflow- 
Jing  water  tends  to  force  the  disk  from  under  the  head  now; 
■■but  since  this  can  not  take  place,  the  disk  gyrates  in  the 
latne  manner  as  J>eforc.  Thus,  it  is  seen  that  at  alternate 
■Eyrations  the  inflowing  water  is  abuve  and  below  the  disk; 
,  the  oultliiwing  water  is  discharged  alternately  above 
tnd  below  the  disk.  Each  gyration  of  the  disk  displaces 
!  entire  contents  of  the  chamber,  and  this  quantity  is 
[registered  on  the  dials  above,  in  cubic  feet. 

Red  or  white  lead  should  not  be  used  In  screwing  up  joints 

1  meter  connections,  or  the  pipe  which  joins  the  meter  to 

Kthe  source  of  water  supply,  because  some  of  it  is  liable  to 

[reach  the  interior  working  parts  and  clog  their  movements. 

All  meters  must  be  carefully  protected  from  frost. 


SIZE  OF    WATER    PIPES. 
I02H.     The  proper  diameter  of  pipeswhich  are  tosupply 
Ehot  or  cold  water  depends  upon  several  considerations: 

iBt.     The  number  and  sise  of  faucets  which  are  likely  to 
e  discharging  water  at  the  same  lime. 

The  pressure  or  head  of  the  water. 
3d.     The  length  of  the  pipe. 

If  the  pipe  is  crooked,  making  numerous  bends  or  angles, 
^ue  allowance  must  be  made  for  the  resistance  arising 
^herefrom. 

A  pipe  of  small  bore  having  great  length  is  likely  to  be 
boisy,  if  the  pressure  is  great,  being  subject  to  singing 
loises  and  water  hammer.  This  defect  may  be  avoided  by 
bsing  a  pipe  <>f  larger  diameter,  thus  reducing  the  velocity 
pf  the  moving  water. 

102^.     Horizontal  pipen  may  be  reduced  in  diameter 
\  various  branches  are  taken  off.     This  is  done  only  to 
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economize  in  the  cost  of  pipe,  etc.     An  example  of  such  re- 
duction is  shown  in  Fig.  361.     In  this  the  nearly  horizontal 


Fig.  361. 


distributing  pipe  is  reduced  from  1  inch  to  ^  inch  as  the 
branches  are  taken  from  it. 

Suppose  that  the  distributing  main  should  enter  at  the 
opposite  end  so  that  the  pantry-sink  branch  would  be  taken 
off  first,  then  it  would  only  be  reduced  one  size,  that  is,  from 
1  inch  to  J  inch,  because  its  extreme  end  must  equal  that  of 
the  sink  branch.  It  is  well  to  have  the  distributing  mains  a 
little  too  large  rather  than  too  small ;  the  annoyance  of  one 
faucet  robbing  another  will  then  be  avoided. 

1030.  Vertical  pipes  which  descend  from  a  tank  may 
be  reduced  in  a  similar  manner,  as  shown  in  Fig.  362.  The 
tendency  of  the  water  flowing  from  the  tank  /i  is,  of  course, 
to  fall  to  the  bottom  of  the  vertical  line  of  pipe,  and  flow 
out  of  the  lower  branch.  Although  the  vertical  line  is  de- 
creased in  size  as  it  descends,  it  still  follows  that  there  is  a 
greater  pressure  upon  the  lower  branches  than  upon  the 
higher;  and  to  compensate  for  this  difference  in  pressure, 
the  sizes  of  the  branches  upon  the  different  floors  should  be 
decreased  as  they  descend.  Thus,  in  the  figure  the  top 
branch  is  1  inch  and  the  lowest  J  inch.  By  this  system  of 
distribution  a  nearly  uniform  supply  of  water  can  be  given 
to  each  floor  in  a  high  building. 

1031.  Pipes  which  rise  from  a  service  pipe  in  tlie  base- 
ment and  ascend  to  the  upper  stories  usually  should  nt)t  be 
reduced  in  diameter  until  the  last  branch  is  reached.     This 
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is  because  the  pressure  grows  less  as  the  height  increases, 
'^ff=;^^:^A:'^^J^^^s  and  to  secure  a  satisfactory  flow 
W  "3  on  the  upper  floors,  the  pipes  must 

J  be  large  in  diameter.  Even  if  the 
head  is  so  great  that  there  is 
plenty  of  force  nn  the  upper  floors, 
^  if  the  pipes  be  reduced  in  diam- 
eter, they  will  be  liable  to  annoy- 
ance from  the  action  of  the  faucets 
in  the  lower  stories.  If  a  faucet 
in  the  basement  be  opened,  for 
example,  the  flow  from  a  faucet 
on  the  top  floor,  which  happens 
to  be  open  at  the  same  time,  will 
be  checked  or  even  stopped. 

The  size  of  the  corporation  cock 
which  may  be  attached  to  a  street 
main  is  usually  determined  by  the 
water  department.  The  diameter 
of  the  service  pipe  should  not  be 
governed  by  the  size  of  the  cor- 
poration cock,  however,  but  should 
be  determined  solely  by  the  re- 
quirements of  the  building.  If 
the  quantity  of  water  required  is 
very  large,  the  water  authorities 
will,  upon  due  presentation  of  the 
facts,  usually  allow  a  larger  con- 
nection  to   be   made  to  the  water 


i^ 
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I  (»:i2.       The     following     sIxkh 
of  branches  are   commonly  used 
in  buildings   where   the   pipes   are 
--^         not  of   great  length.     If  the  pres- 
Pir.,  ans.  sure  is  less  than  20  lb.  per  sq.  in.. 

I'ths  system  may  be  rated  as  /trw  pressure,  and  if  above  30 
lib.,  as  high  pressure: 
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TABLE    39. 


Supply  Branches. 


To  bath  cocks 

To  basin  cocks 

To  W.  C.  flush  tank. 
To  W.  C.  flush  valve 
To  sitz  or  foot  baths 

To  kitchen  sinks 

To  pantry  sinks 

To  slop  sinks 

To  urinals 


High 
Pressure. 


J  to}' 

f  tor 

V 

Jtol' 

i  to  r 

t  to  {' 
ito§ 

Hog 


K0 


>\" 


PURIFICATION    OF    WATER. 

1033.  The  impurities  which  occur  in  ordinary  waters 
are  of  two  kinds;  viz.,  mechanical,  or  those  held  in  suspen- 
sion by  the  water,  and  physical,  or  those  held  in  solution. 
The  mechanical  impurities  are  mud,  leaves,  vegetation,  fish, 
frog  spawn,  insects,  insect  eggs,  etc.  The  physical  impuri- 
ties are  solutions  of  minerals,  putrescent  animal  matter,  al- 
buminous slimes,  etc.  The  Icachings  from  privy  vaults  and 
drains  are  the  most  harmful  poisons  that  usually  get  into  the 
water  supply.  The  mechanical  impurities  are  far  less 
dangerous,  being  easily  seen  and  quite  easy  to  remove. 

Nearly  all  mechanical  impurities  can  he  removed  by  filtra- 
tion through  sand  or  other  suitable  material,  but  the  danger 
lies  mainly  in  the  matter  held  in  solution  and  whic^h  is  con- 
sequently invisible.  Mineral  poisons  can  be  neutralized  by 
the  use  of  chemicals,  and  sometimes  by  heating  and  settling 
or  by  distillation.  The  organic  ])oisons  from  sewage,  etc., 
can  only  be  entirely  removed  by  distillation,  but  a  careful 
repeated  filtration  through  sand  and  bone  charc^oal  will,  in 
most  cases,  im])rove  the  water  sufficiently  to  make  it  suit- 
al)le  for  drinking  and  cooking  purpost^s.  Bone  (^harcoal  is 
often  employed  as  a  filtering  medium,  because  it  exerts  a 
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chemical  action  upon  the  organic  matter  in  the  water,  and 
'  renders  it  inert  or  harmless,     The  charcoal,  however,  grad- 
ually becomes  saturated  and  clogged  with  the  refuse,  and 
loses  its  value  as  a  purifying  agent.     Therefore,  it  must  be 
renewed  at  intervals. 
I       Bone  charcoal  is  hard  and  dense,  and  when  its  pores  be- 
I  come  clogged  with  refuse  it  can  be  restored  to  usefulness 
only  by  reburning.     There  is  no  practicable  way  by  which 
I  this  can  be  done  uiran  a  small  scale.     Unless  the  air  is  care- 
fully excluded  during  the  whole  process,  the  material  will 
L  be  consumed,  like  other  charcoal,  and  will  be  destroyed. 
I       Charcoal  which  is  made  from  wood  has  little  or  no  value 
I  for  the  purpose  of  filtration. 

I  Water  which  has  grown  state  by  standing  may  be  greatly 
L  improved,  and  be  made  suitable  for  drinking  purposes,  by 
I  the  process  called  mralion,  provided  it  has  not  been  other- 
I  wise  polluted. 

I  1034.  Aeration  may  be  accomplished  in  several  ways. 
I  The  water  may  be  squirted  into  the  air  in  fine  streams,  air 
I  maybe  forced  throngh  the  water  in  fine  bubbles,  or  air  and 
I  water  may  be  shaken  up  or  otherwise  agitated  together. 
I  The  object  to  be  attained  in  every  case  is  to  expose  the  water 
I  to  the  action  of  the  air  to  the  greatest  practicable  extent. 
I  In  the  process  of  aeration  the  water  absorbs  a  consider- 
I  able  quantity  of  air  and  is  thereby  greatly  improved  in 
I  appearance  and  taste.  The  air  has  a  mild  oxidizing  effect, 
I  vhich  is  sufficient  to  destroy  a  small  amount  of  vegetable 
■  matter  and  render  it  harmless.  But  this  purifying  influence 
J  is  very  limited  in  extent,  and  is  of  no  use  whatever  for  re- 
I' moving  or  destroying  the  germs  of  putrefaction,  fermenta- 
Vtion,  and  disease  which  are  imparted  to  the  water  by  sewage 
Por  house  drainage.  These  germs  can  he  killed  only  by  boil- 
W  ing,  and  in  the  case  of  certai  n  disease  germs  even  boiling  is 
k  iosufficient :  they  can  be  completely  destroyed  only  by  fire, 
K  The  process  of  aeration  is  thus  adapted  only  to  the  pur- 
Bpose  oi  freshening  water  and  rendering  it  more  palatable, 
BoHd  is  not  serviceable  for  actual  purification. 
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In  all  apparatus  designed  to  aerate  water,  care  must  be 
taken  to  thoroughly  exclude  all  dust  from  the  air,  because 
dust  is  very  apt  to  carry  with  it  many  kinds  of  germs  which 
give  rise  to  putrefaction  and  disease.  Dust  must  be  kept 
out  (■)£  food  and  drinking  water. 

1035.  Rain-water  which  is  taken  from  the  roofs  of 
buildings  is  always  more  or  less  contaminated  with  leaves, 
dust,  excreta  of  birds,  dead  insects,  etc.  If  it  is  desired  to 
use  any  of  this  water  for  drinking  or  cooking  purposes,  the 
pipes  which  lead  it  to  the  cistern,  or  the  cistern  itself,  should 
be  supplied  with  a  device  called  a  rain-water  cut-off- 
This  is  an  apparatus  which  turns  all  of  the  water  from  the 
rain  leaders  to  waste  until  the  roofs  are  washed  clean,  and 
then  turns  the  water  into  the  cistern.  The  water  which 
falls  during  the  first  few  minutes  of  a  rain-storm  is  loaded 
with  dust  and  insects,  but  after  twenty  minutes  or  so  it  is 
usually  very  pure.  

FILTKRS. 

1036.  In  all  varieties  of  filters  the  velocity  of  the  water 
passing  through  them  should  be  hnv  enough  to  permit  the 
finest  sediments  to  deposit  themselves  upon  the  surface  of 
the  beds  of  filtering  material.  ( )therwise,  in  treating  muddy 
water,  it  will  retain  a  muddy  color. 

The  velocity  of  the  water  passing  through  a  filter  bed  of 
bone  (!har(*oal  should  also  be  low,  so  that  the  water  may  be 
in  contact  with  the  charcoal  as  long  as  possible,  the  chemi- 
(\'il  (*hanges  in  the  impurities  thereby  being  more  complete. 
Tht^  lilt(;ring  material  becomes  gradually  clogged  by  the 
aeeumulation  of  refuse  matter  upon  the  surface  of  the  bed 
and  upon  tiie  grains  of  sand  or  charcoal;  the  flow  of  water 
is  checked  and  the  usefuhiess  of  the  apparatus  is  greatly 
impaired.  This  (\in  he  remedied,  however,  by  m'crstn^  tha 
dir«Ttion  of  the  llnw  of  water  at  suitable  intervals.  Thus, 
the  aeeumulations  can  be  washed  away  and  be  run  to  waste, 
and  tlie  liltrr  can  !)<•  o|)eral('d  abn«>st  continuously. 

A  liher  wliicli  <Mn  not  be  iluis  r<'vcrscd  should  not  be  em- 
ployed \{   it  can  be  avojdrd,  because  the  care  and  trouble 
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Ifhich  will  be  required  to  keep  it  in  good  working  order  will 
be  so  great  as  to  lead  to  almost  certain  neglect.  A  filter 
which  is  neglected  is  apt  to  become  foul,  and  thus  give  rise 
to  the  very  danger  that  it  is  intended  to  prevent, 

There  are  so-called  filters  which  are  made  to  screw  upon 
the  nozzle  of  an  ordinary  faucet.  They  consist  of  a  cup 
laving  a  filling  of  bone  charcoal  or  other  filtering  material, 
and  they  operate  only  as  strainers,  to  hold  back  the  insolu- 
ble impurities  which  are  carried  by  the  water.  They  do  not 
purify  the  water  except  in  a  mechanical  way.  The  bone 
charcoal  has  no  purifying  effect,  because  the  water  passes 
fhrough  far  too  rapidly  for  any  chemical  effect  to  take 
place. 

Filters  should  be  kept  full  of  water.  They  should  not  he 
flowed  to  become  dry  nor  to  be  exposed  alternately  to 
■water  and  to  air.  Alternate  wetting  and  drying  of  piitres- 
jcible  matter  greatly  hastens  putrefaction  and  increases 
;he  growth  of  disease  germs,  etc.  A  fitter  which  is  thus 
iperated  is  liable  to  become  a  source  of  poison  instead  of  a 
protection  against  it. 

In  cities  and  towns  having  a  water  supply  which  is  liable 
become  muddy  at  times,  dwellings  should  he  supplied 
with  a  filter  located  in  the  basement.  All  of  the  water 
which  enters  the  house  should  pass  through  the  filter.  This 
will  prevent  the  kitchen  boiler  from  filling  up  with  mud, 
and  will  ensure  clean  water  throughout  the  building. 

1037.     The   mode  of   constructing  an  ordinary  filter, 
luitable  for  rain-water,  etc.,  is  shown  in  Pig.  303. 

The  body  of  the  filter  is  built  of  brick,  laid  in  mortar  com- 
losed  of  Portland  cement  mixed  with  an  equal  volume  of 
I,  sharp  sand,  and  it  is  divided  into  two  chambers  by 
means  of  a  partition  slab  a  of  slate  or  flagstone.  The  bottom 
\  chamber  A  is  provided  with  a  low  place  or  piwket  d,  in 
Ivhtch  may  gather  sediment  and  from  which  it  may  be  rc- 
Baoved  by  the  garden  pump  or  other  convenient  means. 
I'he  chamber  B  is  fitted  with  a  perforated  bottom  h,  upvtn 
i*hich  is  placed  a  course  of  gravel,  then  clean  sand,  nearly 
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up  to  the  level  of  the  discharge  pipe  /.  It  is  then  topped 
with  gravel.  The  rain-water  enters  chamber  A  through  the 
pipes  c,  c  and  deposits  any  solids  that  may  accompany  it 
into  the  pocket,  as  shown  at  d.  It  then  flows  upwards 
through  the  sand  in  chamber^,  which  clarifies  it.  Chamber 
A  is  also  provided  with  an  overflow  pipe  e,  so  that  if  the 
filter  becomes  choked  with  dirt,  the  water  will  not  acquire 


efficient  head  to  force  the  dirt  thn.uKh  tin;  filter;  it  also 
icts  as  an  overflow  for  the  cistern  into  which _/" delivers. 


I-<)CATIN<;  |-|XTliRi;s. 
I038.  Fixtures  should  be  s.i  Inrateil  in  a  huildinj^  that 
the  pijies  necessary  to  siii)ply  them  with  water,  and  carry 
off  the  discharges  from  them,  shall  not  bo  riiii  in  exposed 
walls;  althnngh  in  many  cases  it  is  safe  to  run  the  pipes 
against  the  walls,  if  the  pipes  are  open  to  the  warmth  of  the 
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Broom.  They  should  be  located  in  places  where  light  and 
■ventilation  are  abundant. 

Sinks  and  vashtubs  should  be  located  as  near  the 
k  windows  as  possible. 

Water-closets,  baths,  etc.,  should  not  be  placed  too  near 
Ivindows  in  cold  climates,  because  there  is  always  a  cold 

■  down  draft  near  a  window,  and  persons  iising  these  fixtures 

■  are  liable  to  catch  cold  by  being  in  contact  with  the  draft 
(while  undressed. 

Hot-air  registers  should  not  be  permitted  in  the  floor  im- 
mediately in  front  of  a  water-closet,   because  a  current  of 
^ot    air   (which   usually   can    not   be   entirely   stopped)   is 
Idisa^eeable  to  the  person  using  the  closet. 

The  fixtures  should  all  be  located  with  a  view  to  the 
Igeneral  convenience  of  the  parlies  who  will  use  them. 

Thus,  the  cook's  sink  should  be  placed  convenient  to  the 
I  kitchen  range,  yet  far  enough  away  to  be  unaffected  by  heat 
I  radiated  from  the  range  or  from  the  boiler. 

The  dish  -  washing  or  scullery  sink  should  be  placed 
^convenient  to  the  dining-room  and  kitchen. 

The  laundry  tubs  should  be  convenient  to  the  back  yard, 
lor  drying  riMjra,  as  the  case  may  be.   If  located  in  basements 
f  they  should  he  placed  in  front  of  the  windows,  so  that  the 
rbest  light  piissiblc  may  be  obtained  upon  the  work.     The 
I'butler's  pantry  sink  should  be  conveniently  near  the  diiiing- 
'oom,  preferably  between  it  and  the  kitchen. 
The  water-closets,  baths,  and  wash  basins  should  be  con- 
Ivenient  to  the  bedrooms.    If  wash  basins  arc  to  be  placed  in 
I  bedrooms,  care  should  be  taken  to  place  ihem  as  far  away 
Vfrom  the  beds,  yet  ns  near  to  the  light,  as  possible,  and  near 
Me  vertical  waste  stacks  into  which  they  will  discharge,  so 
lat  long  branch  waste  pipes  may  be  avoided. 
Slop  sinks  should  be  placed  at  points  convenient  for  draw- 
Dag  off   water   fur   bedroom   urns,  etc.,  and  for   receiving 
wdroom  slops. 

A  water-closet  ananged  for  servants"  use  should  be  lo- 
:sted  on  the  ground  or  basement  fliwr,  because  most  of  the 
wrvants'  time  is  spent  in  the  luwerpart  of  the  building.    Mu 
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fixtures  should  be  located  in  dark  or  unventilated  closets, 
particularly  those  in  the  center  of  a  building,  because  odors 
from  the  closets  will  diffuse  throughout  the  building  and 
become  a  dangerous  nuisance. 

Fixtures  on  the  several  floors  of  tall  buildings  should  be 
arranged  over  one  another  as  much  as  possible,  and  clus- 
tered in  vertical  rows,  so  that  short  branch  wastes  will  be 
required  to  connect  them  to  a  soil-pipe  stack  common  to 
them  all. 

Fixtures  should  not  be  set  over  parlors,  dining-rooms, 
libraries,  or  other  rooms  having  valuable  furnishings  or 
decorated  ceilings,  for  a  leak  is  liable  to  do  great  damage; 
they  should  rather  be  located  over  kitchens,  sculleries, 
pantries,  closets,  etc.,  so  that  a  leak  will  do  little  damage. 
The  soil  and  waste-pipe  stacks  should  not  be  run  in  walls 
adjoining  living  rooms,  because  the  sound  of  water  falling 
down  these  pipes  is  disagreeable. 


SYSTEMS    OF   PLUMBING    AND    DRAIN- 
AGE. 

1039*  The  student  having  now  become  familiar  with 
the  principal  details  of  plumbing  and  drainap;e  systems,  we 
will  proceed  to  illustrate,  by  the  following  figures  or  plans, 
how  the  several  parts  when  properly  fitted  up  form  what 
are  known  as  plumblnje:  and  draina^yrc  systems,  or, 
more  properly  speaking,  systems  of  house  drainage  and 
systems  of  water  supply  and  distribution. 

The  systems  shown,  altlKuigh  they  do  not  cover  the  entire 
field  of  house  j^lumbing  and  drainage,  are  so  arranged  as  to 
show  clearly  to  the  student  what  is  considered  good  modern 
practice  in  the  United  States  of  America.  We  advise  the 
student  to  carefully  study  thcst^  drawings  until  he  fully 
understands  the  use  of  every  i)ipc  and  fixture  shown.  He 
should  experience  little  difficulty  in  reading  the  drawings 
if  he  has  retained  what  he  learned  while  studying  the  pre- 
ceding sections. 
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PLAN    NO.    1. 

Ot7T»tUe    HOUSE  nRAINAGR. 

[  1040.     Fig-  3iJ4  shows  by  plan  am!  sectional  elevation 
:  system   of   drainage   suitable   for   an   isolated   building. 
V'ater  is  assumed  to  be  scarce,  and   the  rain-water  falling 
Ktn  the  roof  of  the  building  is  collected  and  stored  in  a 
^ick  and  cement  cistern.     The  sewer  pipe  is  supposed  to 
B  very  long,  and  to  have  a  very  slight  fall  towards  its  out- 
To  keep  the  drains  clean  with  a  minimum  expenditure 
t  water,  the  waste  water  from  some  of  the   baths  and  wash 
basins  is  collected   in  an  automatic  flushing  tank  and  dis- 
charged periodically  fur  flushing  purposes.      Of  course,  when 
this  is  done,  the  bath  and  basin  stacks  must  be  carried  sepa- 
ately  up  to  and  through  the  roof,  and  have  no  connection 
irith  the  closet,  soil,  or  vent  pipes.     It  will  be  noticed  that 
kll  the  pipes  are   run  immediately  through  the  main  walls 
uid  underground.     This  avoids  running  horizontal  pipes  in 
ihe  basement  or  under  the  floors  of  the  building,  thereby 
iducing  the  danger  from  leaks  to  a  minimum. 
The  building  is  shown  in  block  plan,  its  main  walls  being 
shown  at  A. 

The  0-inch  earthenware  pipe  a  is  the  house  sewer  proper, 
t  conveys  all  of  the  sewage  from  the  building  to  a  suitable 
Plttlet.  The  main  disconnecting  trap  i  is  built  in  a  brick 
panhole.  An  inspection  piece  into  which  the  drains  if  dis- 
Jiarge,  and  the  fresh-air  inlet  c  joins,  delivers  into  the  trap. 
V  closed  inspection  piece  is  built  into  the  manhole/! 
An  automatic  flushing  lank  g'  is  connected  to  the  highest 
i.  This  receivesdischargefrom  the  bath  and  basin  waste 
The  pipe  i,  led  to  a  convenient  point,  is  a  fresh-air  inlet 
0  g,  while  k  acts  as  an  outlet. 

}  A  grease  trap  /  intercepts  grease,  etc.,  from  the  sink  it 
tad  laundry  tubs  /,  and  is  ventilated  to  the  roof  by  u  3  inch 
pipe  M,  a  few  holes  being  made  in  the  cover  for  an  air  inlet. 
)  The  branch  drains  d„  t/,  connect  the  soi1-pi[K:  stacks  »,  « 
I  the  main  drains.  The  discharge  from  bulbs  and  basins 
iDected  to  the  waste  stack  A,  enters  the  drains  direct. 
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The  roof  water  falls  in  the  leader  or  conductor  pipes  / 
into  the  selected  stoneware  rain-water  pipes  q.  These  pipes 
convey  it  to  the  filter  r,  through  which  it  must  flow  before 
entering  the  cistern  j,  from  whence  it  is  drawn  to  the  build- 
ing by  a  pump  attached  to  the  suction  pipe  /.  An  overflow 
for  the  filter,  that  is,  for  the  cistern,  is  shown  at  «. 

The  trap  v  disconnects  the  flushing  tank  from  the  drains, 
so  that  when  the  tank  is  empty  it  will  not  be  flooded  with 
drain  air. 

A  small  air  pipe,  which  turns  over  in  the  tank^,  prevents 
air  lock  between  g  and  v,  A  handhole  w  is  placed  upon 
the  drain  for  easy  access. 

Should  the  water  supply  to  this  building  be  abundant 
and  the  roof  water  permitted  to  flow  to  waste,  the  best 
method  then  would  be  to  run  all  the  rain-water  drains  into 
a  flushing  tank,  and  all  the  discharge  from  the  several  pipe 
stacks  into  the  drainage  system  direct. 

If  the  water  supply  should  be  abundant  and  the  pitch  of 
the  drains  and  sewer  pipe  sufficient  to  ensure  thorough 
cleansing  with  ordinary  methods  of  flushing,  that  is,  by  the 
simple  discharge  from  the  fixtures,  the  cistern,  filter,  and 
flushing  tank  would  he  omitted  and  the  roof  water  would  all 
deliver  into  the  drains,  the  rain-water  drains  and  leaders,  of 
course,  being  trapped  from  the  drainage  system  so  that  drain 
air  or  sewer  gas  could  not  flow  up  the  rain-water  leaders  or 
conductors,  and  be  discharged  into  or  near  windows.  The 
grease  traj),  however,  should  remain,  but  the  laundry  tubs 
need  not  deliver  into  it. 

PI.AX   \(>.   2. 


iNsiDK  Housr:  nuAiNAGi:. 

lO-ll.  Fig.  3155  shows  in  sectional  elevation  a  system  of 
drains,  soil,  waste,  and  vent  pipes  for  a  eity  building.  All 
of  the  sewage  from  the  building  is  discharged  into  the  street 
sewer  a  by  a  O-inch  fireclay  l>il>e  b^  which  is  broktm,  to  show 
that  the  sewer  is  further  away  from  the  l>uilding  than  it 
appears  in  the  cut-      A  o  or  0-inch   iron   disconnecting  trap 
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c  is  placed  just  inside  the  cellar  wall.  The  5-inch  house 
drain  d  is  run  along  the  face  of  the  cellar  wall.  A  4-inch 
pipe,  furnished  with  a  deep  seal  trap  e  in  the  cellar,  carries 
away  surface  water  from  the  catch  basin  c^  in  the  front  area. 
A  5-inch  fresh-air  inlet  pipe  y  takes  a  supply  of  fresh  air 
from  the  street  curb  by  means  of  a  perforated  post  inlet  /, 
as  shown,  instead  of  a  plain  grating  flush  with  the  pavement. 
A  4-inch  in  diameter  deep  seal  trap  g  disconnects  the  back 
area  surface  water  box  //  and  the  roof  leader  k  from  the 
house  drain.  The  rain-water  pipey^  and  the  tank  overflow 
pipey  both  deliver  into  a  rain-water  head  upon  the  rain-water 
pipe  k. 

The  fixtures  in  the  basement  floor  are  a  kitchen  sink,  a 
set  of  three  laundry  tubs,  and  a  refrigerator.  The  fixtures 
upon  the  first  floor  are  a  butler's  pantry  sink,  a  corner  wash 
basin,  a  water-closet,  and  a  urinal,  the  closet  and  urinal  both 
being  flushed  from  small  tanks  overhead.  In  ordinary 
private  house  work  the  three  latter  fixtures  would  be  omit- 
ted. They  are  connected  up  in  the  drawing  only  for  illus- 
tration, as  they  may,  in  exceptional  cases,  be  employed. 
The  fixtures  on  the  second  floor  are  two  wash  basins,  a 
Roman  bath,  and  a  siphon  jet  closet.  The  fixtures  on  the 
third  floor  are  two  wash  basins,  a  French  bath,  and  a  front 
outlet  washout  closet. 

On  the  top  floor  for  the  servants'  use  is  located  a  common 
iron  bath,  a  i)lain  wash  basin,  and  a  short  hopper  closet.  A 
rectangular,  coi)per-lined,  wooden  house  tank  /is  also  placed 
on  the  fourth  floor,  high  enough  to  supply  the  small  tank 
for  the  hopper  closet,  and  a  hatch  ///  about  20  X  30  inches  is 
made  on  the  roof  for  access  to  the  tank. 

The  long  hojipcr  closet  ;/  is  fitted  up  in  a  small  **  lean-to  " 
apartment  in  the  back  area,  or  basement,  and  opens  into  the 
back  area.  The  tank  /,  for  this  closet  is  fitted  up  inside  the 
building,  and  the  trap  is  underground.  This  is  to  guard 
against  frost. 

The  4-inch  soil-])ipe  stack  /  is  run  up  full  size  to  the 
roof  of  the  building,  increasing  to  5  inches  as  it  passes 
through  the  roof.      The   4-inch  vent  .stack  ^,  corresponding 
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to/,  also  increases  in  diameter  as  it  passes  through  the  roof; 
its  base  joins  the  house  drain  at  an  angle  of  45°,  so  that  any 
rust  falling  down  may  slide  into  d  and  thus  be  washed  away. 

The  3-inch  waste-pipe  stack  r  is  carried  full  size  up  to  the 
roof,  and  increased  to  4  inches  as  it  passes  through  it.  For 
purpose  of  economy  only,  the  corresponding  2-inch  vent 
pipe  s  joins  r  above  the  highest  fixture,  instead  of  passing 
separately  up  to  and  through  the  roof. 

Brick  piers  /,  are  built  under  the  vertical  stacks  to  sup- 
port them.  The  J-inch  telltale  pipe  /,  IJ-inch  safe  wastes 
//,  and  refrigerator  waste  ;/,  discharge  openly  into  a  sink 
in  the  cellar.  The  safe  wastes  are  trapped  by  making  a  coil 
on  the  end  of  the  pipe  as  shown,  and  are  carried  full  size 
up  to  and  through  the  roof  to  prevent  odors  from  entering 
any  of  the  upper  rooms  through  them.  The  vent  outlets 
above  the  roof  should  be  carried  up  a  few  feet  higher  than 
shown;  they  are  shortened  in  order  to  avoid  making  the 
drawing  too  large.  The  waste  pipe  from  the  Roman  bath 
on  second  floor  is  dropped  down  and  made  to  flush  the  urinal 
waste;  but  it  may  join  the  stack/  if  desired. 


PI. AX    NO.  3. 


^'ATER  SU1»I>CY,  STRKKT   PRESSURE. 

1042.  Fig.  300  represents  the  building  and  fixtures 
already  shown  in  Plan  No.  2,  along  with  a  system  of  piping 
for  the  sui)ply  and  distribution  of  hot  and  cold  water,  the 
supply  being  taken  from  the  city  mains.  The  minimum 
pressure  in  the  mains  must  be  more  than  that  required  to 
just  raise  water  to  the  highest  fixtures.  With  this  system 
of  pil>ing,  when  the  street  mains  are  shut  off,  the  entire 
building  will  immediately  be  without  water,  the  boiler,  of 
course,  reniainiiii^  full,  if  unsij)hoiie(l.  The  street-service 
pil)e  (I,  which  joins  tin*  city  main  to  the  pipes  in  the  build- 
in;^;,  has  a  sto[)  and  waste  cock  /;  altac^hed  on  its  end  just  in- 
sidt!  the  cellar.  A  water  meter  c  fitted  with  an  air  chamber 
near   its  inlet  indicates  the   cpiantity  of  water  used  in  the 
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lilding.      The   pressure  in  the  street  mains  in  this  par- 
liar   case   is   supposed    to    be   too   great   for   safety   or 
fort,  if  applied  to  the  plumbing  in  the  building;  ronse- 
[uently,  a  pressure-reducing  valve  d  is  placed  on  the  house- 
ice  pipe  just  inside  the  pipe  e  which  supplies  a  hose 
bibb  in  the  front  area  with  water  under  the  full  pressure 
of  the   main.     The   stop   and   waste   cock   shown   on  this 
ipe  is  to  shut  otf   and   drain   the   area  pipe  during   cold 

Lther. 

Let  us  suppose  that  the  average  main  pressure  is  95  lb. 
the  gauge,  and  that  we  reduce  this  pressure,  by  the  use 
d,  to  a  constant  pressure  of  -15  lb.  within  the  building; 
n  the  size  of  the  pipes  may  be  approximately  as  marked 
the  drawing.  The  hot  and  cold  distributing  pipes  are 
ilvanized  iron  or  brass,  and   some   of   the   branches  are 

of  lead. 

Since  the  pressure-reducing  valve  is  simil--  '-'' 

live,  .1  safety  valve  is  placed  upon  the  boil*--  , 

a  pipe  g  leads  any  blow-uff  from  /  into  the  kitchen  sink, 
few  lever-handle  stop  and  waste  cocks  are  placed  upon  the 
ist  important  parts  of  the  system  to  facilitate  shutting  otT 
tions,  for  repairs,  etc.,  without  shutting  off  the  entire 
lilding.     Each  closet  tank  may  be  shut  off  separately,  be- 
cause the  ball-cocks  or  the  tank  valves  in  them  generally  re- 
quire repairs  more  frequently  than  other  parts  of  the  system. 
The  boiler  and  the  water-back  h  furnish  hot  water  for  the 
tire  building.     It  will  be  observed  in   this  drawing  that 
is  no  circulation  of  hot  water  between  the  boiler  and 
fixtures,  and  that  a  considerable  quantity  of  cold  water 
ust  be  drawn  from  some  of  the  fixtures  before  the  hot 
water   (lows,     Air  chambers  i,  i.  etc.,  are  attached  to  the 
iping  to  prevent  water  hammer. 

,Tfae  sediment  pipe  y  joins  the  kitchen  sink  trap  on  the 

lae  side  of  the  seal.     The  piping  in  this  sketch  is  exag> 

'Ated  in  size,  and  to  the  eye  may  appear  out  of  propor- 

with  the  fixtures.     This,  however,  was  done  to  show 

pipe  connections  clearly.     The  inside  diameters  of  the 

are  marked  on  the  drawing. 
P.    n.-K. 


The  I 
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PLAN  NO.  4. 


-WATER  SUPPLY,  TANK  PKCSSUHR. 

1043.  In  this  plan,  Fig.  307,  the  same  building  and 
the  same  fixtures  as  those  in  Plans  Nos.  2  and  3  are  shown. 
The  fixtures  are  all  supplied  from  a  house  tank  a  on  the  top 
floor.  This  tank  is  filled  with  water  from  a  rising  main  b 
which  joins  the  service  pipe  c  in  the  cellar.  If  the  water  in 
the  main  will  not  rise  by  its  pressure  in  the  service  pipe  to 
the  tank,  it  must  be  forced.  This  can  be  done  by  attaching 
a  lift  and  force  pump  either  to  b  or  c. 

The  system  shown  is  well  adapted  to  cases  where  the 
water  supply  is  intermittent,  such,  for  example,  as  in  towns 
or  cities  where  water  pressure  at  best  is  low,  and  where 
factories,  mills,  and  other  works  lessen  the  pressure  during 
the  day  to  such  an  extent  that  the  water  can  not  run  to  the 
upper  floors  of  the  building. 

If  the  water  should  rise  high  enough  at  night  to  flow  into 
the  tank,  it  may  do  so  if  the  ball-cock  k  is  open.  The  tank 
should  be  large  enough  to  hold  at  least  a  two-days'  supply. 

Two  cold-water  distributing  lines  //,  d^  supply  cold  water 
to  the  fixtures.  The  one  to  the  left  feeds  the  boiler.  Stop 
cocks  c  and  f  placed  on  these  pipes  just  iinderthe  tank  shut 
the  water  off  the  building.  Circulation  pipes  <^^  <^^  run 
from  the  upper  ends  of  the  hot-water  distributing  pipes 
/and  /,  to  the  boiler  ;//  to  ensure  a-  supply  of  hot  water  at 
the  iipi)er  fixtures  the  moment  the  faucets  are  opened. 

The  hot  water  pipes  shown  are  made  of  iron  or  brass  and 
the  cold  water  pi])es  of  lead,  except  those  from  the  main, 
which  are  iron.  The  j^ipe  //  furnishes  fresh  water  from  the 
main  for  cooking  and  drinking  purposes.  Relief  pipes  /,  Z^, 
taken  from  the  tops  of  the  hot  water  pipes,  are  turned  over 
the  top  of  the  tank.  To  ])revent  a  water  haninicr  in  c  from 
affecting  the  ball-cock  in  the  tank  or  in  the  meter  ;/,  a 
special  air  chamber  is  attached  to  the  main  aty'.  To  secure 
a  good  flow  of  water  throughout  the  building,  the  pipes 
may  be  of  the  sizes  given,  which  are  the  nominal  internal 
diameters. 
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In  this  system,  the  boiler  may  be  smaller  than  in  Plan 
Nu.  3,  or  a  larger  water-back  may  be  used,  betause  con- 
siderable heat  is  transmitted  from  the  hot  water  while  it 
circulates  through  the  building.  A  row  of  lever-handle 
stop  cocks  is  arranged  over  the  boiler  for  convenience  in 
shutting  off  the  water. 

The  piping  and  connections  in  this  plan  are  also  exaggerated 
in  size. 

PLAN  NO.  5. 


WATER  BVPPL.V.  DOUBt.E-BOII.ER  SYSTEM. 

I10-1-4.  Pig.  308  shows  how  the  lower  floors  of  a  building 
may  be  supplied  with  hot  and  cold  water  from  the  city 
■nains,  while  the  upper  floi:>rs  are  supplied  from  a  tank,  one 
water-back  being  employed  to  heat  the  water  for  the  entire 
building. 
[  The  dotted  line  A  H  shows  the  height  to  which  the  street 
water  will  rise;  therefore,  the  fixtures  above  that  are  supplied 
(rum  the  lank  a.  Of  course,  those  below  A  B  may  also  be 
jftupplied  from  a,  but  to  economize  pumping,  the  piping  is 
BO  arranged  that  they  can  be  supplied  direct  from  the 
street. 

An  Ericsson  hot-air  pumping  engine  r  is  shown  in  the 
cellar,  having  its  suction  pipe  b  connected  to  the  main  r, 
id  its  delivery  pipe  s  leading  over  and  into  the  lank  a. 
he  engine  is  supplied  with  a  gas-burner,  and  can  be 
popped  when  the  tank  is  full  by  the  arrangement  shown  at 
le  wheel  valve  d  over  the  basement  sink.  A  water-line 
idicator  e  is  placed  over  the  kitchen  sink  so  that  the  ser- 
nts  may  see  how  much  water  is  in  the  tank.  This  sli- 
jng  indicator  is  attached  to  a  float  in  the  tank  by  a  chain  or 
drc,  working  over  two  pulleys.  When  the  tank  is  empty, 
le  float  falls  with  the  water  and  raises  the  indicator  to  the 
■p  of  the  slide  board,  and  when  filled  again  the  indicator 
lila  towards  the  bottom.  The  slide  board  is  graduated  in 
it  and  inches,  and  if  the  indicator  is  regulated  properly  it 
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will  indicate  the  depth  of  water  in  the  tank  very  accurately. 
This  plate  also  shows  hot-water  circulation  to  all  the  fix- 
tures, except  the  kitchen  sink  and  laundry  tubs,  the  branches 
to  which  are  short.  Circulation  to  these  fixtures  may  be 
obtained  by  dropping  the  return  pipe  below  the  boiler  level, 
and  connecting  the  branches  to  the  returns.  If  such  con- 
nections are  made,  however,  there  will  be  danger  of  hot 
water  being  drawn  from  the  bottom  of  the  boiler  along  with 
hot  water  from  the  flow  pipes,  unless  check-valves  are  used 
on  the  returns  near  the  boiler.  Some  plumbers  object  to 
check-valves  on  returns,  and,  consequently,  connect  these 
fixtures  as  shown. 

The  check-valve /will  admit  water  to  flow  from  the  outer 
boiler  or  street  main  to  the  inner  boiler,  when  the  pressure 
in  the  inner  boiler  is  less  than  that  in  the  outer  one,  but  will 
prevent  any  water  in  the  inner  boiler  from  passing  out 
again. 

A  lever-handled  stop-cock  g,  when  opened,  will  feed  the 
outer  boiler  and  all  the  fixtures  on  the  lower  floors  with 
tank  water.  Of  course,  when  this  cock  is  opened  the  valve 
on  the  street-service  pipe  must  be  closed,  otherwise  the  tank 
water  will  flow  back  to  the  street  mains.  If  the  cock  ^  be 
used  much,  a  swinging  check  should  be  placed  on  the  main 
service  pipe  c. 

The  sediment  cock  fur  the  inner  boiler  is  shown  at  A,  and 
for  the  outer  boiler  at  /. 

The  water-back  is  connected  to  the  outer  boiler  in  the 
ordinary  manner,  and  heats  water  for  the  entire  building. 
The  telltale y  flows  into  the  pan  of  the  automatic  shut-oflF 
valve  ^/,  so  that  when  the  tank  is  full,  the  telltale  will  fill 
the  pan  with  water,  the  weight  of  which  will  close  the  valve 
and  stop  the  engine. 

The  rising  main  supplies  cold  water  to  the  outer  boiler, 
kitchen  sink,  and  fixtures  on  first  and  second  floors 
above,  except  the  w^ater-closct  on  second  floor,  which  is 
supplied  from  the  tank,  because  it  is  too  near  A  />. 

The  hot  supply  to  third  and  fourth  floors,  or  tank  liot, 
flows  through  /  to  the  top  floor,  where  an  expansion  pipe  is 
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taken  off  its  highest  point  and  led  over  the  tank.  This  pipe 
then  continues  and  drops  to  supply  the.  wash  basin  to  the 
right  on  the  third  floor.  It  is  then  continued  back  to  the 
boiler  by  the  return  pipe  m.  The  hot  supply  to  basement 
and  first  and  second  floors,  flows  through  n  and  «„  the  end 
of  n  being  run  up  to  and  over  the  tank  as  an  expansion 
pipe  and  air  vent.  The  pipes/,  /,  are  for  the  circulation  of 
the  street  hot  supply.  If  desired,  a  small  pipe  may  be  run 
from  the  hot  supply  branch  q  to  over  the  tank  to  carry  off 
any  air  that  might  accumulate  there  and  stop  circula- 
tion. 

The  pipe  /  acts  only  as  a  relief  pipe,  and  may  or  may  not 
be  used. 

In  this  drawing,  it  is  assumed  that  the  street  water  will 
not  at  any  time  be  sufficient  to  rise  into  the  tank;  other- 
wise, the  expansion  and  relief  pipes  would  be  omitted,  or 
carried  considerably  above  the  tank,  to  prevent  the  tempo- 
rarily increased  main  pressure  from  forcing  hot  water  into 
the  tank. 

The  student  should  carefully  study  the  different  lines  of 
pipes  in  the  five  preceding  figures,  imtil  he  thoroughly  under- 
stands the  duty  of  each  pipe,  and  thoroughly  grasps  the 
principles  of  supply  and  distribution  of  hot  and  cold  water, 
and  the  proper  construction  of  soil,  waste,  vent,  and  drain- 
pipe lines. 


LAWS  AND  REGULATIONS. 

1045«  The  plumbing  and  drainage  of  buildings  is  reg- 
ulated by  law  in  many  cities  and  towns.  These  regulations 
establish  a  standard  of  general  excellence,  to  which  all  plumb- 
ers must  conform.  The  standard  thus  fixed  is  the  lowest 
that  will  be  tolerated,  or  that  the  public  safety  will  permit. 
It  is  not  the  highest  standard  attainable,  and  does  not  aim  to 
secure  the  best  possible  arrangement  of  drainage.  The 
plumber  should  carefully  consider  the  arrangements  in  every 
case,  and  should  aim  to  supply  the  most  perfect  system  of 
drainage  and  water  supply  that  he  can  devise.     He  should 
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not  limit  himself  to  the  specific  requirements  of  the  law,  but 
should  do  as  much  better  as  possible. 

The  following  verbatim  copy  of  the  regulations  which  are 
now  in  force  in  the  city  of  New  York,  should  be  carefully 
studied,  and  attention  should  also  be  given  to  the  regulations 
in  force  in  your  own  town  or  city : 

Health  Department, 

CITY  OF  NEW^  YORK. 


The  Registration  of  Plumbers,  and  the  Law  and  Regulations  Qoveming  the 
Plumbing  and  Drainage  of  all  Buildings  Hereafter  Erected. 


Chapter  450,  Laws  of  1881. 

AN  ACT  to  secure  the  Registration  of  Plumbers  and  the 
Supervision  of  Plumbing  and  Drainage  in  the  Cities  of 
New  York  and  Brooklyn. 

Passed  June  4,  1881. 

The  People  of  iJie  State  of  Ne7u  York,  represented  in 
Senate  and  Assembly,  do  enaet  as  follows  : 

Si:cTK)N  1.  On  or  before  the  first  day  of  March,  eighteen 
hundred  and  eighty-two,  every  master  or  journeyman 
plumber  carrying  on  his  trade  in  the  cities  of  New  York  and 
Brooklyn,  shall,  under  such  rules  and  regidations  as  the  re- 
spective Boards  of  Health  of  the  Health  Departments  of  the 
said  cities  shall  respectively  prescribe,  register  his  name  and 
address  at  the  Health  Department  of  the  said  city ;  and  after 
the  said  date  it  shall  not  be  lawfid  for  any  person  to  carry 
on  the  trade  of  plumbing  in  the  said  cities  unless  his  name 
and  address  be  registered  as  above  provided. 

Shc.  2.  A  list  of  the  registered  plumbers  of  the  city  of 
New  York  shall  be  published  in  the  City  Record  at  least 
once  in  each  year. 

Skc.  \\.  The  drainage  and  plumbing  of  all  buildings,  both 
public  and  private,   hereafter  erected   in  the  city  of    New 
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f  York,  or  in  the  city  of  Brooklyn,  shall  be  executed  in  accnrd- 
I  ance  with  plans  previously  approved  in  writing  by  the  Board 
I  of  Health  of  the  said  Health  Departments  of  said  cities, 
I  respectively,  Suitable  drawings  and  descriptions  of  the 
I  Eaid  plumbing  and  drainage  shall  in  each  case  be  submitted 
kand  placed  on  file  in  the  Health  Department.  The  said 
I  Boards  of  Health  are  also  authorized  to  receive  and  place  on 
I  file  drawings  and  descriptions  of  the  plumbing  and  drainage 
P  of  buildings  erected  prior  to  the  passage  of  this  act  in  their 
I  respective  cities. 

Skc.  4.  The  Board  of  Estimate  and  Apportionment  of 
I  the  city  of  New  York  shall  add  six  thousand  dollars  to  the 
I  apportionment  of  I  he  Health  Department  for  the  year  eigh- 
rteen  hundred  and  eighty-one,  and  shall  insert  the  same  in 
Vthe  tax  levy,  to  provide  for  carrying  out  the  provisions  of 
I  this  act,  so  far  as  it  relates  to  the  city  of  New  York. 

Snc.  5.  Any  court  of  record  in  said  cities,  respectively, 
lor  any  judge  or  justice  thereof,  shall  have  power  at  any 
Itimc  after  the  service  of  notice  of  the  violation  of  any  of 
Bthe  provisions  of  this  act,  and  upon  the  affidavit  of  one  of 
Kibe  Commissioners  of  Health  of  the  said  cities,  to  restrain  by 
■  injunction  order,  the  further  progress  of  any  violation 
Inamcd  in  this  act,  or  of  any  work  upon  or  atrout  the  building 
lor  premises  upon  which  the  said  violation  exists;  and  no  un- 
■dertaking  shall  he  required  as  a  condition  to  the  granting  or 
isuing  of  such  injunction,  or  by  reason  thereof. 
isc.  (1.  Any  person  violating  any  of  the  provisions  of 
5  act  shall  be  deemed  guilty  of  a  misdemeanor. 

Sec.   7.      This  act  shall  take  effect  immediately. 


RULES    AND    REGULATIONS. 

1046*     Drawings  and   triplicate  descriptions  on  forms 

ittfnished  by  the  Department  of  Buildings  for  all  plumbing 

tad  drainage  shall    be  filled   in    with   ink  and  filed  by  the 

',  architect,  or  plumber  in  the  said  Department, 
'  And    the    said     plumbing    and    drainage    shall    not    be 
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commenced  or  proceeded  with  until  said  drawings  and 
descriptions  shall  have  been  so  filed  and  approved  by  the 
Superintendent  of  Buildings. 

No  modification  of  the  approved  drawings  and  descrip- 
tions will  be  permitted  unless  either  amended  drawings  and 
triplicate  descriptions,  or  an  amendment  to  the  orignal 
drawings  and  descriptions,  covering  the  proposed  change  or 
changes,  are  so  filed  and  approved  by  the  Superintendent 
of  Buildings. 

It  shall  not  be  lawful  to  do  said  plumbing  and  drainage 
except  pursuant  to  said  approved  drawings  and  descriptions 
or  approved  amendments  thereof. 

Repairs  or  alterations  of  plumbing  and  drainage  may  be 
made  without  the  filing  and  approval  of  drawings  and 
descriptions  in  the  Department  of  Buildings.  But  said 
repairs  or  alterations  shall  not  be  construed  to  include  cases 
where  new  vertical  and  horizontal  lines  of  soil,  waste,  vent, 
or  leader  pipes  are  proposed  to  be  used. 

Notice  of  said  repairs  or  alterations  shall  be  given  to  the 
said  Department,  before  the  same  arc  commenced,  in  all 
cases,  except  where  leaks  are  stopped  or  obstructions  are 
removed. 

Said  notice  shall  consist  of  a  description  in  writing  of  the 
work  to  be  done,  of  the  location  of  the  property  where  the 
same  is  executed,  and  of  the  names  and  addresses  of  the 
owner  and  of  the  plumber. 

Said  notice  shall  not,  however,  be  required  when  repairs 
or  alterations  are  ordered  by  the  Board  of  Health  for  sani- 
tary reasons. 

Said  repairs  and  alterations  shall  comply  in  all  respects 
with  the  weight,  quality,  arrangement,  and  venting  of  the 
rest  of  the  work  in  the  building. 

The  plans  must  be  drawn  to  scale  in  ink  on  cloth,  or  they 
must  be  cloth  prints  of  such  scale  drawings,  and  shall  con- 
sist of  such  floor  plans  and  sections  as  may  be  necessary 
to  show  clearly  all  plumbing  work  to  be  done,  and  must 
show  partitions  and  the  method  of  ventilating  water-closet 
apartments. 
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Written  notice  must  be  given  to  the  Department  of 
Buildings  by  Ihe  plumber  wiien  any  work  is  begun,  and 
from  time  to  time  when  any  work  is  ready  for  inspection. 
No  part  of  the  work  shall  be  covered  until  it  has  been 
examined,  tested,  and  approved  by  the  Inspector. 

I047.  Definition  of  Terms. — The  term  "private  sewer" 
is  applied  to  main  sewers  that  are  not  constructed  by  and 
under  the  supervision  of  the  Department  of  Public  Works 
or  the  Department  of  Street  Improvements  of  the  Twenty- 
third  and  Twenty-fourth  Wards. 

The  term  "house  sewer"  is  applied  to  that  part  of  the 
main  drain  or  sewer  extending  from  a  point  two  feet  out- 
side of  the  outer  face  of  the  outer  front  vault  or  area  wail 
to  its  connection  with  the  public  sewer,  private  sewer,  or 


The  term  "house  drain"  is  applied  to  that  part  of  the 
main  horizontal  drain  and  its  branches  inside  the  walls  of 
the  building  and  extending  to  and  connecting  with  the 
house  sewer. 

The  term  "soil  pipe"  is  applied  to  any  vertical  line  of 
pipe,  extending  through  roof,  receiving  the  discharge  of 
one  or  more  water-closets,  with  or  without  other  fixtures. 

The  term  "  waste  pipe"  is  applied  to  any  pipe  extending 
through  roof,  receiving  the  discharge  from  any  fixtures 
except  water-closets. 

The  term  "vent  pipe"  is  applied  to  any  special  pipe  pro- 
'  vided  to  ventilate  the  system  of  piping  and  to  prevent  trap 
siphonagc  and  back  pressure. 

1048.     I.   Materials  and   workmanship. — All   materials 
must  be  of  the  best  quality,  free  from  defects,  and  all  work 
must  be  executed  in  a  thorough  workmanlike  manner. 
All  cast-iron  pipes  and  fittings  must  be  uncoated,  sound, 
^cylindrical,   and  smooth,  free  from  cracks,  sand  holes,  and 
lOther  defects,  and  of  uniform  thickness  and  of  the  grade 
1  commerce  as  extra  heavy. 
F^pe,  including  the  hub,   shall    weigh  not  less  than  the 
wing  aA'erage  weights  per  lineal  foot; 
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Diameters. 


Weights  per 
Lineal  Foot. 


2 
3 

4 
5 
6 
7 
8 
10 
12 


nches 
nches 
nches 
nches 
nches 
nches 
nches 
nches 
nches 


5^  pounds. 

9^  pounds. 
13  pounds. 
17  pounds. 
20  pounds. 
27  pounds. 
33|-  pounds. 
45  pounds. 
54    pounds. 


The  size,  weight,  and  maker's  name  must  be  cast  on  each 
length  of  the  pipe. 

All  joints  must  be  made  with  picked  oakum  and  molten 
lead  and  be  made  gas-tight.  Twelve  (12)  ounces  of  fine,  soft 
pig  lead  must  be  used  at  each  joint  for  each  inch  in  the 
diameter  of  the  pipe. 

All  wrought-iron  and  steel  pipe  must  be  equal  in  quality 
to  **  Standard,"  and  be  properly  tested  by  the  manufacturer. 
All  pipe  must  be  lap-welded.  No  plain  black  or  uncoated 
pipe  will  be  permitted. 

After  January  1,  181)7,  wrought-iron  and  steel  pipe  must 
be  galvanized,  and  each  length  must  have  the  weight  per 
foot  and  maker's  name  stamped  on  it. 

Fittings  for  vent  pipes  on  wrought-iron  or  steel  pipes 
may  be  the  ordinary  cast  or  malleable  steam  and  water 
fittings. 

Fittings  for  waste  or  soil  pipes  must  be  the  special,  extra 
heavy  cast-iron  recessed  and  threaded  drainage  littmgs, 
with  smooth  interior  waterway  and  threads  tapped,  so  as 
to  give  a  uniform  grade  to  branches  of  not  less  than  ^  of 
an  inch  per  foot. 

All  joints  to  be  screwed  joints  made  up  with  red  lead, 
and  the  burr  formed  in  cutting  must  be  carefully  reamed 
out. 
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Short  nipples  on  wrought-iron  or  steel  pipe  where  the 
unthreaded  part  of  the  pipe  is  less  than  one  and  one-half 
{H)  inches  long  must  be  of  the  thickness  and  weight 
known  as  **  extra  heavy"  or  **  extra  strong." 

The  pipe  shall  be  not  less  than  the  following  average 
thickness  and  weight  per  lineal  foot : 


Diameters. 


1|  inches 


2 

inches 

H 

inches 

3 

inches 

H 

inches 

4 

inches 

H 

inches 

5 

inches 

6 

inches 

7 

inches 

8 

inches 

9 

inches 

10 

inches 

11 

inches 

12 

inches 

Thicknesses. 


.14 
.15 
.20 
.21 
.22 
.23 
.24 
.25 
.28 
.30 
.32 
.34 
.3G 
.37 
.37 


inches, 
inches, 
inches, 
inches, 
inches. 

nches. 

nches. 

nches. 

nches. 

nches. 

nches. 
inches, 
inches, 
inches. 

nches. 


Weights  per 
Lineal  Foot. 


2.08 

3.61 

5.74 

7.54 

0. 00 

10.  GG 

12.34 

14.50 

18.7G 

23.27 

28.18 

33. 70 

40.  OG 

45.02 

48.08 


pounds, 
pounds, 
pounds, 
pounds, 
pounds, 
pounds, 
pounds, 
pounds, 
pounds, 
pounds, 
pounds, 
pounds, 
pounds, 
pounds, 
pounds. 


All  brass  pipe  for  soil,  waste,  and  vent  pipes  and  solder 
nipples  must  be  thoroughly  annealed,  seamless,  drawn 
brass  tubing,  of  standard  iron -pipe  gauge.  Connections 
on  brass  pipe  and  between  brass  pipe  and  traps  or  iron 
pipe  must  not  be  made  with  slip  joints  or  couplings. 
Threaded  connections  on  brass  pipe  must  be  of  the  same 
size  as  iron-pipe  threads  for  same  size  of  pipe  and  be 
tapered. 

The  following  average  thickness  and  weights  per  lineal 
foot  will  be  required: 
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Diameters. 

Thicknesses. 

1^  inches 

.14  inches. 

2    inches  

.15  inches. 

2i  inches 

.20  inches. 

3    inches  

.21  inches. 

3^  inches 

.22  inches. 

4    inches  

.23  inches. 

44  inches 

.24  inches. 

6 

5    inches  

.25  inches. 

6    inches  

.28  inches. 

Weights  per 
Lineal  Foot 


2.84  pounds. 

3.82  pounds. 

6.08  pounds. 

7.92  pounds. 

9.54  pounds. 
11.29  pounds. 
13.08  pounds. 
15.37  pounds. 
19.88  pounds. 


Brass  ferrules  must  be  best  quality,  bell-shaped,  extra 
heavy  cast  brass,  not  less  than  four  inches  long  and  two 
and  one-quarter  inches,  three  and  one-half  inches,  and  four 
and  one-half  inches  in  diameter,  and  not  less  than  the  fol- 
lowing weights: 


Diameters. 


2i-  inches. 
3^  inches. 
\\  inches. 


Weights. 


1  pound      0  ounces. 

1  pound  12  ounces. 

2  pounds  8  ounces. 


One  and  one-half  inch  ferrules  are  not  permitted.  Solder- 
ing nipples  must  be  heavy  cast  brass  or  of  brass  pipe,  iron- 
pipe  size.  When  cast,  they  must  be  not  less  than  the 
following  weights: 


Diameters. 


l.V 
2 

3 
4 


0  pounds    S  ounces. 

0  pounds  14  ounces. 

1  jxnind      ()  ounces. 
"l  pounds    {\  ounces. 

nches '  '5  pounds    S  ounces. 


nches. 
nches. 
nches. 
nches. 


Weights. 
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Brass  screw  caps  for  cleanouts  must  be  extra  heavy,  not 
less  than  one-eighth  of  an  inch  thick,  and  must  have  a 
flange  of  not  less  than  three-sixteeenths  of  an  inch  thick. 

The  screw  cap  must  have  a  solid  square  or  hexagonal  nut 
not  less  than  one  (1)  inch  high,  with  a  least  diameter  of  one 
and  one-half  (1^)  inches.  The  body  of  the  cleanout  ferrule 
must  at  least  equal  in  weight  and  thickness  the  calking 
ferrule  for  the  same  size  of  pipe.  Where  cleanouts  are 
required  by  rules  and  by  the  approved  plans,  the  screw  cap 
must  be  of  brass.  The  engaging  parts  must  have  not  less 
than  six  (6)  threads  of  iron-pipe  size  and  tapered.  Clean- 
outs must  be  of  full  size  of  the  trap  up  to  four  (4)  inches 
in  diameter  and  not  less  than  four  (4)  inches  for  large  traps. 

The  use  of  lead  pipe  is  restricted  to  the  short  branches 
of  the  soil,  waste,  and  vent  pipes,  bends,  and  traps,  roof  con- 
nection of  inside  leaders,  and  flush  pipes. 

All  lead,  waste,  soil,  vent,  and  flush  pipes  must  be  of  the 
best  quality  drawn  pipe  of  the  quality  known  in  commerce 
as  **D,"  and  of  not  less  than  the  following  weights  per 
lineal  foot : 


Diameters. 


1^  inches  (for  flush  pipes  only) 
1^  inches 

2  inches  

3  inches  

4  and  4i  inches 


Weights  per 
Lineal  Foot. 


2J  pounds. 

3  pounds. 

4  pounds. 
G  pounds. 
8    pounds. 


All  lead  traps  and  bends  must  be  of  the  same  weights  and 
thicknesses  as  their  corresponding  pipe  branches.  Sheet 
lead  for  roof  flashings  must  be  six-pound  lead,  and  must  ex- 
tend not  less  than  six  (0)  inches  from  the  pipe  and  the  joint 
made  water-tight.  Copper  tubing  when  used  for  inside 
leader  roof  connections  must  be  seamless  drawn  tubing,  not 
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less  than  22  gauge,  and  when  used  for  roof  flashings,  must 
be  not  less  than  18  gauge. 

1040.  II.  General  plan  of  plumbing  and  drainage  ap- 
proved by  the  Superintendent  of  Buildings. — Bach  building 
must  be  separately  and  independently  connected  with  the 
public  or  a  private  sewer. 

The  entire  plumbing  and  drainage  system  of  every  build- 
ing must  be  entirely  separate  and  independent  of  that  of 
any  other  building. 

Every  building  must  have  its  sewer  connections  directly 
in  front  of  the  building,  unless  permission  is  otherwise 
granted  by  the  Superintendent  of  Buildings. 

Where  there  is  no  sewer  in  the  street  or  avenue,  and  it  is 
possible  to  construct  a  private  sewer  to  connect  with  a  sewer 
in  an  adjacent  street  or  avenue,  a  private  sewer  must  be 
constructed. 

It  must  be  laid  outside  the  curb,  under  the  roadway  of 
the  street. 

Cesspools  and  privy  vaults  will  be  permitted  only  after  it 
has  been  shown  to  the  satisfaction  of  the  Superintendent  of 
Buildings  that  their  use  is  absolutely  necessary. 

When  allowed,  they  must  be  constructed  strictly  in  accord- 
ance with  the  terms  of  the  permit  issued  by  the  Superin- 
tendent of  Buildings. 

Cesspools  will  not  be  permitted  under  any  circumstances 
for  tenement  and  lodging  houses.  Cesspools  will  not  be 
allowed  outside  the  frame  building  district.  As  soon 
as  it  is  possible  to  connect  with  a  public  sewer,  the  owner 
must  have  the  cesspool  and  privy  vault  emptied,  cleaned, 
and  disinfected,  and  filled  with  fresh  earth,  and  have 
a  sewer  connection  made  in  the  manner  herein  prescribed. 

Old  house  sewers  can  be  used  in  connection  with  the  new 
buildings  or  new  plumbing  only  when  they  are  found  on  ex- 
amination by  the  Plumbing  Inspector  to  conform  in  all 
respects  to  the  requirements  governing  new  sewers. 

When  a  proper  foundation,  consisting  of  a  natural  bed  of 
earth,  rock,  etc.,  can  be  obtained,  the  house  sewer  can  be  of 
earthenware  pipe. 
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Where  ihe  ground  is  mado  or  filled  in,  or  where  the  pipes 
re  less  than  ihree  feet  de*:p,  or  in  any  case  where  there  is 
anger  of  settlement  by  frost  or  from  any  other  cause,  and 
rhen  cesspools  arc  used,  the  house  sewer  must  be  of  extra 
eavy  cast-iron  pipe  with  Icad-calkcd  joints. 

The  house  sewer  and  house  drain  must  be  at  least  4  inches 
In  diameter  where  water-closets  discharge  into  them. 

Where  rain  water  discharges  into  them,  the  house  sewer 
nd  the  house  drain  up  to  the  leader  connections  must  be  in 
ccordancc  with  the  following  table : 

Diameter. 

Pall  i  iuch 
per  Foot. 

t'aU  i  inch  per  Faot.                             ^M 

.inches  . . 
inches  .. 
inches  . . 
inches  . . 

5,000  sq.  ft. 
6,900  sq.  ft. 
9,100  sq.ft. 
ll.aiW  sq.ft. 

7,500  sq.  ft.  of  drainage  of  area.             ^M 
10.300  sq.  ft.  of  drainage  of  area.             H 
13,600  sq.  ft.  of  drainage  of  area.             H 
17,400  sq.  ft.  of  drainage  of  area.             H 

No  steam  exhaust,  boiler  blow-off,  or  drip  pi|w  shall  be 

lioiiDected  with  the  house  drain  or  sewer.     Such  pipes  must 

rsl  discharge  into  a  proper  condensing  tank,  and  from  this 

K  pro5)er  outlet  to  the  house  sewer  outside  the  building  must 

be  provided.     In  low-pressure  steam  systems  the  condensing 

»nk  may  be  omitted,  but   the  waste  connection  must  be 

rtherwise,  as  above  required. 

The  house  drain  and  its  branches  must  be  of  extra  heavy 

1st  iron  when  under  ground,  and  of  extra  heavy  cast  iron, 

r  galvanized,  tarred,  or  asphalted  wrought  iron  or  steel  when 

bove  ground. 

The  house  drain  must  properly  connect  with  the  house 
nrer  at  a  point  two  feet  outside  of  the  outer  front  vault  or 
%a  wall  of  the  building.     An  arched  or  other  proper  open- 
^  must  be  provided  for  the  drain  in  the  wall  to  prevent 
image  by  settlement. 

The  house  drain  and  sewer  must  be  run  as  direct  as  possi- 
p,  with  a  fall  of  at  least  one-quarter  inch  per  foot,  all 
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changes  in  direction  made  with  proper  fittings,  and  all  con- 
nections made  with  Y  branches  and  one-eighth  and  one- 
sixteenth  bends. 

If  possible,  the  house  drain  must  be  above  the  cellar  floor. 
The  house  drain  must  be  supported  at  intervals  of  10  feet 
by  8-inch  brick  piers,  or  suspended  from  the  floor-beams,  or 
be  otherwise  properly  supported  by  heavy  iron  pipe  hangers 
at  intervals  of  not  more  than  10  feet. 

The  use  of  pipe  hooks  for  supporting  drains  is  prohibited. 

An  iron  running  trap  must  be  placed  on  the  house  drain 
near  the  wall  of  the  house,  and  on  the  sewer  side  of  all  con- 
nections, except  a  drip  pipe  where  one  is  used.  If  placed 
outside  the  house  or  below  the  cellar  floor,  it  must  be  made 
accessible  in  a  brick  manhole,  the  walls  of  which  must  be 
8  inches  thick,  with  an  iron  or  flagstone  cover.  When  out- 
side the  house  it  must  never  be  less  than  3  feet  below  the 
surface  of  the  ground.  The  house  trap  must  have  two 
cleanouts  with  brass  screw  cap  ferrules  calked  in. 

A  fresh-air  inlet  must  be  connected  with  the  house  drain 
just  inside  of  the  house  trap.  The  fresh-air  inlet  will  be  of 
extra  heavy  cast  iron  where  under  ground.  Where  possible 
it  will  extend  to  the  outer  air  and  finish  with  a  return  bend 
at  least  one  foot  above  grade,  and  15  feet  away  from 
any  window  or  furnace  cold-air  box.  When  this  arrange- 
ment is  not  possible,  the  fresh-air  inlet  must  open  into  the 
side  of  a  box  not  less  than  18  inches  square,  placed  below  the 
sidewalk,  at  the  curb.  The  bottom  of  the  box  must  be 
18  inches  below  the  under  side  of  the  fresh-air  inlet  pipe. 
The  box  may  be  of  cast  iron,  or  it  may  be  constructed  with 
8-inch  walls  of  brick  or  flagstone  laid  in  hydraulic  cement. 
The  box  must  be  covered  by  a  flagstone  fitted  with  remov- 
able metal  grating,  leaded  into  the  stone,  having  openings 
equal  in  area  to  the  area  of  the  fresh-air  inlet,  and  not  less 
than  one-half  inch  in  their  least  dimension.  The  fresh-air 
inlet  must  be  of  the  same  size  as  the  drain  up  to  four  (4) 
inches;  for  dvc  (5)  inch  and  six  (G)  inch  drains  it  must  be 
not  less  than  four  (4)  inches  in  diameter;  for  seven  (1)  inch 
and   eight  (8)   inch  drains,   not  less  than  six   (0)  inches  in 
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diameter,  and  fur  larger  drains  not  less  than  eight  (S)  inches 
I  ill  (liumt'ter. 

AU  yards,  courts,  and  areas  must  be  drained.     Tenement 
\  bouses  and  lodging  houses  must  have  their  yards,  areas,  and 
courts  drained  into  the  sewer. 

These  drains  when  sewer-connected  must  have  connections 
not  less  than  three  inches  in  diameter.  They  should  if  pos- 
sible be  controlled  by  one  trap — the  leader  trap  if  possible. 
Leader  pi[)es  must  be  sewer-connccted  if  possible. 

All  buildings  shall  be  kept  provided  with  proper  metallic 

'  leaders  for  conducting  water  from  the  roofs  in  such  manner 

,  as  shall  protect  the  walls  and  foundations  of  said  buildings 

from  injury.     In  no  case  shall  the  water  from  said  leaders 

be  allowed  tn  How  upon  the  sidewalk,  but  the  same  shall  be 

I  conducted  by  pipe  or  pipes  to  the  sewer.     If  there  be  no 

sewer  in  the  street  upon  which  such  buildings  front,  then 

the  water  from  said   leader  shall  be  conducted  by  proper 

pipe  or  pipes,  below  the  surface  of  the  sidewalk,  to  the  street 

I  gutter. 

Inside  leaders  must  be  made  of  cast  iron,  wrought  iron,  or 

steel,   with  roof  connections  made  gas  and  water-tight  by 

'   means  of  a  heavy    lead  or   copper  drawn   tubing  wiped  or 

[  soldered  to  a  brass  ferrule,  or  nipple-calked  or  screwed  into 

L  the  pipe. 

Outside  leaders  may  be  of  sheet  metal,  but  they  must  con- 
knect  with  the  house  drain  by  means  of  a  cast-iron  pipe 
■  extending  vertically  five  feet  above  the  grade  level. 

Leaders  must  be  trapped  with  cast-iron  running  traps,  so 
tplaced  as  to  prevent  freezing.     Rain-water  leaders  must  not 
e  used  as  soil,  waste,  or  vent  pipes,  nor  shall  any  such  pipe 
B  used  as  a  leader. 

Cellar  drains  will  be  permitted  only  where  they  can  be 
nnnected  to  a  trap  with  a  permanent  water  seal. 
Subsoil  drains  should  discharge  into  a  sump  or  receiving 
»k,  the  contents  of  which  must  be  lifted  and  discharged 
^IntO  the  drainage  system  above  the  cellar  bottom  by  some 
(proved  method. 

Where  directly  sewer-connected  they  must  be  cut  off  from 
II.— ji 
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the  rest  of  the  plumbing  syHtem  by  a  brass  flap  valve  on  the 
iniet  til  the  catch  basin,  and  the  trap  on  the  dritiii  from  the 
catch  twain  mtist  be  water  supplied  as  required  for  cellar 
drains. 

Foundation  walls  must,  where  required,  be  rendered 
impervious  to  dampness  by  the  use  of  coal  tar,  pitch,  or 
aaphaltum. 

Pull  sise  Y  and  T  branch  fitting^s  for  handhole  cleanouts 
must  be  provided  where  required  on  house  drain  and  its 
branches. 

All  iron  traps  for  house  drain,  yard,  and  other  drains  and 
leaders  must  be  running  traps  with  handhole  cleanouts  of 
full  sise  of  the  traps  when  same  are  less  than  five  (5)  inches. 
All  traps  under  ground  must  be  made  accessible  by  brick 
manholes  with  proper  covers. 


SOIL  AND  WASTE  PIPE  UNB8. 

lOSO.  All  main  soil,  waste,  or  vent  pipes  must  be  of 
iron,  steel,  or  brass.  When  they  receive  the  discharge  of 
fixtures  on  any  floor  above  the  first,  they  must  be  extended 
in  full  caliber  at  least  one  foot  above  the  roof  coping,  and 
well  away  from  all  shafts,  windows,  chimneys,  or  other  ven- 
tilating openings.  When  less  than  four  inches  in  diameter, 
they  must  be  enlarged  to  four  inches  at  a  point  not  less  than 
one  foot  below  the  roof  surface  by  an  increasor  not  less  than 
nine  (9)  inches  long. 

No  caps,  cowls,  or  bends  shall  be  afhxed  to  the  top  of  such 
pipe. 

In  tenement -houses  and  lodging-houses  wire  baskets  must 
be  securely  fastened  into  the  opening  of  each  pipe  that  is  in 
an  accessible  position. 

All  pipes  issuing  from  extensions  or  elsewhere,  which  would 
otherwise  open  within  SO  feet  of  the  window  of  any  building. 
must  be  extended  above  the  highest  roof  and  well  away 
from  and  above  all  windows. 

The  arrangement  of  all  pipe  lines  must  be  as  straight  and 
direct  as  possible.  Offsets  will  be  permitted  only  when 
unavoidable. 
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Necessary  ofTsets  abuve  tlit  highest  lixture  branch  must 
bot  be  made  at  an  angle  of  less  than  46  degrees  to  the  hori- 
loiital. 
All  pipe  lines  must  be  supported  at  the  base  on  brick  piers 
or  by  heavy  iron  hangers  from  the  cellar  ceiling  beams  and 
(along  the  line  by  heavy  iron  hangers  at  intervals  of  not  more 
I  than  ten  feel. 

All  pipes  and  traps  should,  where  possible,  be  exposed  to 
■  view.  They  should  always  be  readily  accessible  for  inspec- 
rtion  and  repairing. 

No  trap  shall  be  placed  at  the  foot  of  main  soil  and  waste 
kpipe  lines. 

The  sizes  of  soil  and  waste  pipes  must  be  not  Ic-ss  than 
ihose  given  in  the  following  table  : 

Main  soil  pipe,  4  inches  in   diameter;  main  waste  pipe, 

i  inches  in  diameter;  branch  soil  pipe,  4  inches  in  diameter; 

Itranch  waste  for  laundry  tubs,  i  inches  in  diameter;  branch 

waste  for  kitchen  sink,  3  inches  in  diameter;  soil  pipe  for 

water-closets  on  five  or  more  floors,  5  inches  in  diameter; 

waste  pipes  for  kitchen  sinks  on  five  or  more  floors,  3  inches 

diameter;  main    soil    pipe     for    three-family    tenement- 

touses  exceeding  three  stories,  4  inches  in  diameter. 

In  every  building  where  there  is  a  leader  connected  to  the 

Brain,  if  there  are  any  plumbing  fixtures,  there  must  be  at 

tast  one  four  (4)  inch  pipe  extending  above  the  roof  for 

Iftentilation. 

Soil  and  waste  pipes  must  have  proper  Y  branches  for  all 
titurc  connections. 
Branch  soil  and  waste  pipe  must  have  a  fall  of  at  least  one- 
tauarter  inch  per  foot.      Short  T  V  branches   will   be  per- 
jnitted  on  vertical  lines  only.     Long  one-quarter  bends  and 
long  T  Y's  are  permitted.       Short  one-quarter  bends  and 
double  hubs,  short  roof  increasors,  and  common  offsets  are 
prohibited. 
All  traps  must  be  protected    from   siphonage   and  back 
re,  and  the  drainage  system  ventilated  by  special  lines 
I  vent  pipes. 
■'All  vent  pipe  lines  and  main  branches  must  be  of  iron, 
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steel,  or  brass.  They  must  be  increased  in  diameter  and  ez« 
tended  above  the  roof  as  required  for  waste  pipes.  They 
may  be  connected  with  the  adjoining  soil  or  waste  line  well 
above  the  highest  fixture,  but  this  will  not  be  permitted 
when  there  are  fixtures  on  more  than  six  floors. 

All  offsets  must  be  made  at  an  angle  of  not  less  than  forty- 
five  degrees  to  the  horizontal,  and  all  lines  must  be  connected 
at  the  bottom  with  a  soil  or  waste  pipe  or  the  drain  in  such 
a  manner  as  to  prevent  the  accumulation  of  rust  scale. 

Branch  vent  pipes  should  be  kept  above  the  top  of  all  con- 
necting fixtures,  to  prevent  the  use  of  vent  pipes  as  soil  or 
waste  pipes.  They  will  not  be  permitted  lower  than  the 
outlet  of  the  highest  fixture  in  the  group.  Branch  vent 
pipes  should  be  connected  as  near  to  the  crown  of  the  trap 
as  possible. 

The  sizes  of  vent  pipes  throughout  must  not  be  less  than 
the  following  : 

For  main  vents  and  long  branches,  two  inches  in  diameter; 
for  water-closets  on  three  or  more  floors,  three  inches  in 
diameter;  for  other  fixtures  on  less  than  seven  floors,  two 
inches  in  diameter;  three-inch  vent  pipe  will  be  permitted 
for  less  than  nine  stories;  for  more  than  eight  and  less  than 
sixteen  stories,  four  inches  in  diameter;  for  more  than 
fifteen  and  less  than  twenty-two  stories,  five  inches  in  diam- 
eter; for  more  than  twenty-one  stories,  six  inches  in  diam- 
eter; branch  vents  for  traps  larger  than  two  inches,  two 
inches  in  diameter;  traps  two  inches  or  less,  one  and  one- 
half  inches  in  diameter. 

For  fixtures  other  than  water-closets  and  slop  sinks  and 
for  more  than  eight  (S)  stories,  vent  pipes  may  be  one  (1) 
inch  smaller  than  above  stated. 

No  sheet  metal,  brick,  or  other  flue  shall  he  used  as  a  vent 
pipe. 

Earthenware  traps  for  water-closets  and  slop  sinks  must 
be  ventilated  from  the  branch  soil  or  waste  pipe  just  below 
the  trap,  and  this  branch  vent  j)ipe  must  be  soc(»nn(H'te(l  as  to 
prevent  obstruction,  and  no  waste  pipe  connected  between  it 
and  the  fixture.    Earthenware  traps  must  have  no  vent  horns. 
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■  6xtiirc  must  be  separately  trapped  by  a   water- 
^ling  trap  placed  as  close  to  the  fixture  outlet  as  pos- 
iable. 

A  set  of  wash  trays  may  connect  with  a  single  trap,  or 
o  the  trap  of  an  adjoining  sink,  provided  both  sink  and 
»  waste  outlets  are  on  the  same  side  of  the  waste  line,  and 
Ithe  sink  is  nearest  the  line.  When  so  connected,  the  waste 
;  from  the  wash  trays  must  be  branched  in  below  the 
water  seal. 

The  discharge  from  any  fixture  must  not  pass  through 
more  than  one  trap  before  reaching  the  house  drain. 
All  traps  must  be  well  supported  and  set  true  with  respect 
3  their  water  levels. 

All  traps  must  have  a  water  seal  of  at  least  one  and  one- 
islf  inches. 

'  No  masons,  cesspool,  bell,  pot,  bottle,  or  D  trap  will  be 
Rrmitted,  nor  any  form  of  trap  that  is  not  setf-clcaning, 
r  that  has  interior  chamber  or  mechanism,  nor  any  trap, 
ntcept  earthenware  ones  that  depend  upon  interior  partitions 
|br  a  seal. 

I  Alt  fixtures,  other  than  water-closet  and  urinals,  must 
lave  strong  metallic  strainers  or  bars  over  the  outlets  to 
^event  obstruction  of  the  waste  pipe. 

Ail  exposed  or  accessible  traps,  except  water-closet  traps, 
taust  have  brass  trap  screws  for  cleaning  the  trap,  placed  on 
Ute  inlet  side,  or  below  the  water  level. 

Traps  for  water-closets  must  not  be  less  than  four  inches 
i  diameter;  traps  for  slop  sinks  must  not  be  less  than  two 
inches  in  diameter;  traps  for  Icitchen  sinks  must  not  be  less 
I  two  inches  in  diameter;  traps  for  wash  trays  must  not 
t  less  than  two  inches  in  diameter;  traps  for  urinals  must 
:  be  less  than  two  inches  in  diameter;  traps  for  other 
bctures  must  not  be  less  than  one  and  one-half  inches  in 
[ameter. 

I  Overflow  pipes  from  fixtures  must  in  all  cases  be  connected 
e  inlet  side  of  traps. 

I  earthenware  traps  must  have  heavy  brass  floor  plates 
ter«d  to  the  lead  bends  and  bolted  to  the  trap  flange,  and 
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the  joint  made  gas-tight  with  red  or  white  lead.     The  use 
of  rubber  washers  for  floor  connections  is  prohibited. 

Earthenware  water-closets  must  be  set  on  marble  or  slate 
in  all  new  work,  and  when  it  is  not  impossible  to  use  it  be- 
cause of  water  pipes  or  other  obstructions  in  all  alterations, 
old  work. 

Safe  and  refrigerator  waste  pipes  must  be  of  galyani£ed 
iron,  and  be  not  less  than  one  (1)  inch  in  diameter,  with  lead 
branches  of  the  same  size  with  strainers  over  the  inlet 
secured  by  a  bar  soldered  to  the  lead  branch. 

Safe  waste  pipes  must  not  connect  directly  with  any  part 
of  the  plumbing  system. 

Safe  waste  pipes  must  either  discharge  over  an  open, 
water-supplied,  publicly  placed,  ordinarily  used  sink,  placed 
not  more  than  three  and  one-half  feet  above  the  cellar  floor, 
or  they  may  discharge  upon  the  cellar  floor. 
•  The  safe  waste  pipe  from  a  refrigerator  can  not  discharge 
upon  the  ground  or  floor.  It  must  discharge  over  an  ordi- 
nary portable  plan,  or  over  some  properly  trapped  water- 
supplied  sink,  as  above. 

The  branches  on  vertical  lines  must  be  made  by  Y  fittings, 
and  be  carried  up  to  the  safe  with  as  much  pitch  as  possible. 

Lead  safes  must  be  graded  and  neatly  turned  over  bevel 
strips  at  their  edges. 

Where  there  is  an  offset  on  a  refrigerator  waste  pipe  in  the 
cellar,  there  must  be  cleanouts  to  control  the  horizontal  part 
of  the  pipe. 

In  tenement-houses  and  lodging-houses  the  refrigerator 
waste  pipes  must  extend  above  the  roof  and  must  not  be 
larger  than  one  and  one-half  inches,  nor  the  branches  smaller 
than  one  and  one-quarter  inches.  These  branches  must 
have  full  size  accessible  traps. 

Refrigerator  waste  pip>es,  except  in  tenement-houses,  and 
all  safe  waste  pipes  must  have  brass  flap  valves  at  their 
lower  ends. 

1051«  Fixtures. — In  tenement-houses,  lodging-houses, 
factories,  and  workshops  the  water  closets  must  be  set  on 
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marble,  slate,  or  tile,  and  the  back  and  ends  of  the  water- 
closet  apartment  must  be  made  water-proof  with  some  similar 
non-absorbent  material. 

The  closets  must  be  set  open  and  free  from  all  inclosing 
woodwork. 

Where  water-closets  will  not  support  a  rim  seat,  the  seat 
must  be  supported  on  galvanized-iron  legs,  and  a  drip  tray 
must  be  used. 

The  general  water-closet  accommodations  for  a  tenement 
or  lodging  house  can  not  be  placed  in  the  cellar,  and  no  water- 
closet  can  be  placed  outside  of  the  building. 

In  tenement-houses  and  lodging-houses  there  must  be  one 
water-closet  on  each  floor,  and  when  there  is  more  than  one 
family  on  a  floor  there  will  be  one  additional  water-closet  for 
every  two  additional  families. 

In  lodging-houses  where  there  are  more  than  15  persons 
on  any  floor  there  must  be  an  additional  water-closet  on  that 
floor  for  every  15  additional  persons  or  fraction  thereof. 

In  all  other  sewer-connected  occupied  buildings  there  must 
be  at  least  one  water-closet,  and  there  must  be  additional 
closets  so  that  there  will  never  be  more  than  15  persons  per 
closet. 

In  tenement-houses  and  lodging-houses  the  water-closet 
and  urinal  apartments  must  have  a  window  opening  to  the 
outer  air,  or  to  a  ventilating  shaft,  not  less  than  10  square 
feet  in  area. 

In  all  buildings  the  outside  partition  of  such  a])artnicnt 
must  extend  to  the  ceiling  or  be  independently  ceiled  over, 
and  these  partitions  must  bi;  air-tight,  except  at  the  bottc^m 
of  the  door,  whicli  must  be  cut  away  or  provided  with 
openings  to  pr<)niote  vi*ntilation.  Th(!  outside  partitions 
must  include  a  window  opening  to  outer  air  on  the  lot 
whereon  the  l)uilding  is  situated,  or  some  other  a|)proved 
means  of  ventilation  must  be  provided.  When  necessary 
to  properly  light  such  apartments,  the  upper  part  of  the 
partitions  must  be  made  of  glass.  The  interior  partitions 
of  such  apartments  must  he  dwarf  partitions. 

Pan,    valve,  plunger,   and  other  water-closets   having  an 
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anventilated  space,  or  whose  walls  are  not  thoroughly 
washed  at  each  discharge,  will  not  be  permitted. 

All  water-closets  must  have  earthenware  flushing  rim 
bowls.   "Pipe  wash"  bowls  or  hoppers  will  not  bepermitied. 

Long  hoppers  will  not  be  permitted  except  where  there  is 
an  exposure  to  frost. 

Where  water-closet  or  other  fixture  traps  are  of  iron  they 
must  be  porcelain-lined. 

Drip  trays  must  be  enameled  on  both  sides  and  secured 
in  place. 

Water-closets  and  urinals  must  never  be  connected  directly 
with  or  flushed  from  the  water-supply  pipes. 

Water-closets  and  urinals  must  be  flushed  fn)m  a  sepa- 
rate cistern,  the  water  from  which  is  used  for  no  other 
purpose. 

The  overflow  of  cisterns  may  discharge  into  the  bowls  of 
the  closet,  but  in  no  case  connect  with  any  part  of  the 
drainage  system. 

Iron  water-closet  cisterns  and  automatic  urinal  cisterns 
are  prohibited. 

The  copper  liningof  water-closet  and  urinal  cisterns  must 
be  not  lighter  than  ten  (10)  ounce  copper. 

Water-closet  flush  pipes  must  not  be  less  than  one  and  one- 
fourth  inches,  and  urinal  flush  pipes  one  (I)  inch  in  diameter, 
and  if  of  lead  must  not  weigh  less  than  two  and  one-half 
pounds  and  two  pounds  per  lineal  foot.  Flush  couplings 
must  be  of  full  size  of  the  pipe. 

Latrines,  trough  water-closets,  and  similar  appliances  may 
be  used  only  on  written  permit  from  the  Supeririiendeni  of 
Buildings,  and  must  be  set  and  arranged  as  may  be  required 
by  the  terms  of  the  permit. 

All  urinals  must  be  constructed  of  materials  impervious  to 
moisture  that  will  not  corrode  under  the  action  of  urine.  The 
floor  and  walls  of  the  urinal  apartments  must  be  lined  with 
similar  non-absorbent  and  non-corrosive  material. 

The  platforms  or  treads  of  urinal  stalls  must  nt'ver  be  con- 
nected independently  lo  the  plumbing  system,  nor  can  they 
be  connected  to  any  safe  waste  pipe. 
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Iron  troughs  or  urinals  must  be  enameled  or  galvanized, 
tenement-houses    and    lodging-houses    sinks    must   be 
iOtirely  open  on  iron  legs  or  brackets,  without  any  inclosing 
woodwork. 

Wooden  washtubs  are  prohibited.  Cement  or  artificial 
stone  tubs  will  be  permitted,  provided  the  same  be  made  in 
the  following  manner,  to  wit:  The  cement  or  artificial  stone 
to  be  one  part  good  Portland  cement  to  not  more  than  three 
crushed  or  broken  granite,  gneiss,  or  equally  hard 
Btone,  broken  to  a  size  not  larger  than  will  go  through  a 
1-inch  ring,  well  tamped;  each  tub  to  be  branded  with 
the  owner's  name  and  with  the  absolute  mixture  stamped 
lid  tub,  samples  of  which  shall  be  filed  and  approved 
by  this  department;  each  compartment  of  the  tub  shall 
bave  a  separate  bottom  outlet  with  a  through-and-through 
fitting,  and  overflows  shall  be  external  to  the  tub. 

No  tubs  made  with  cinder,  ashes,  or  Rosendale  cement,  or 
tny  other  materials  than  above  specified,  will  he  allowed. 

All  water-closets  and  other  plumbing  fixtures  must  be  pro- 
vided with  a  sufficient  supply  of  water  for  Rushing,  to  keep 
ihem  in  a  proper  and  cleanly  condition. 

When  the  water  pressure  is  not  sufficient  to  supply  freely 
and  continuously  all  fixtures,  a  house-supply  tank  must  be 
provided,  of  sufficient  siise  to  afford  an  ample  supply  of  water 
to  all  fixtures  at  all  times.  Such  tanks  miist  be  supplied 
from  the  pressure  or  by  pumps,  as  may  be  necessary:  when 
Irom  the  pressure,  ball-cocks  must  be  provided. 

If  water  pressure  is  not  sufficient  to  fill  house  tank,  power 
tumps  must  be  provided  for  filling  them  in  tenement-houses, 
iJdging- houses,  factories,  and  workshops. 
Tanks  must  be  covered  so  as  to  exclude  dust,  and  must  be 
D  located  as  to  prevent  water  contamination  by  gases  and 
idors  from  plumbing  fixtures. 

House-supply  tanks  must  be  of  wood  or  iron,  or  of  wood 
fncd  with  tinned  and  planished  copper. 
House  tanks  must  be  supported  on  iron  beams. 
The  overflow  pipe  should  discharge  upon  the  roof  where 
UJble,  and  in  such  cases  should  be  brought  down  to  within 
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six  (6)  inches  of  the  roof,  or  it  must  be  trapped  and  dis- 
charged over  an  open  and  water-supplied  sink  not  in  the 
same  room,  not  over  3^  feet  above  the  floor.  In  no  case 
shall  the  overflow  be  connected  with  any  part  of  the  plumbing 
system. 

Emptying  pipes  for  such  tanks  must  be  provided  and  be 
discharged  in  the  manner  required  for  overflow  pipes,  and 
may  be  branched  into  overflow  pipes. 

No  service  pipes  or  siipplying  pipes  should  be  run,  and  no 
tanks,  flushing  cisterns,  or  water-supplied  fixtures  should  be 
placed  where  they  will  be  exposed  to  frost. 

Where  so  placed  they  shall  be  properly  packed  and  boxed 
in  such  a  manner  as  to  prevent  freezing  and  to  the  satisfaction 
of  the  Plumbing  Inspector. 

The  entire  plumbing  and  drainage  system  within  the 
building  must  be  tested  by  the  plumber,  in  the  presence  of 
a  Plumbing  Inspector,  under  a  water  or  air  test,  as  directed. 
All  pipes  must  remain  uncovered  in  every  part  until  they 
have  successfully  passed  the  test.  The  plumber  must 
securely  close  all  openings,  as  directed  by  the  Inspector  of 
Plumbing.  The  use  of  wooden  plugs  for  this  purpose  is 
prohibited. 

The  water  test  will  be  applied  by  closing  the  lower  end  of 
the  main  house  drain  and  filling  the  pipes  to  the  highest 
opening  above  the  roof  with  water.  If  the  drain  or  any 
part  of  the  system  is  to  be  tested  separately,  there  must  be 
a  head  of  water  at  least  six  (G)  feet  above  all  parts  of  the 
work  so  tested,  and  special  provision  must  be  made  for 
including  all  joints  and  connections  in  at  least  one  test. 

The  air  test  will  be  applied  with  a  force  pump  and  mercury 
column  under  ten  pounds  pressure,  equal  to  "ZO  inches  of 
mercury.     The  use  of  spring  gaup^es  is  prohibited. 

After  the  completion  of  the  work,  when  the  water  has  been 
turned  on  and  the  traps  filled,  the  plumber  must  make  a 
peppermint  or  smoke  test  in  the  presence  of  a  Plumbing 
Inspector  and  as  directed  by  him. 

The  material  and  labor  for  the  tests  must  be  furnished  by 
the  plumber.     Where  the  peppermint  test  is  used  two  ounces 
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of  oil  of  peppermint  must  be  provided  for  each  line  up  to 
five  stories  and  basement  in  height,  and  for  each  additional 
five  stories  or  fraction  thereof  one  additional  ounce  of 
peppermint  must  be  provided  for  each  line. 

1052.  In  most  of  the  States  of  the  Union  there  are 
State  Boards  of  Health,  who  prescribe  general  rules  and 
regulations  for  plumbing  and  drainage.  Their  regulations 
have  all  the  force  of  other  laws  and  can  be  enforced  by 
heavy  penalties.  In  fact,  the  State  Boards  of  Health  have 
more  authority  in  such  matters  than  the  local  governments, 
and  every  plumber  should  obtain  a  copy  of  their  regulations. 


GAS  AND  GAS  FITTING. 


THE  USES  OF  GAS. 
1053.  The  uses  of  gas  for  fuel  and  illumination  have 
Increased  enormously  within  the  last  decade,  and  there  is  a 
lencral  tendency  among  manufacturers,  and  also  among 
bmcstic  users,  to  employ  gaseous  fuel  in  preference  to  coal 
Fhcnever  practicable. 

The  advantages  of  gaseous  fuel  over  all  forms  of  solid  fuel, 
n  the  way  of  convenience  and  freedom  from  din,  are  so  great 
that  its  use  is  likely  to  become  universal.  It  is  now  used  for 
,  variety  of  manufacturing  operations,  ranging  from  the 
delicate  work  of  tempering  hair  springs  for  watches  to  the 
gigsntic  operations  of  glass  melting  and  steel  making. 

In  dwellings  it  is  used  to  advantage  for  cooking,  ironing, 
drying,  heating  water,  and  in  recent  years  has  been  used 
Bticcessfully  for  house  warming. 

For  direct  heating,  it  is  burned  in  gas  stoves  and  fire- 
j)1aces,  and  for  hot-water  or  hot-air  heating,  it  is  used  in 
ipecially  designed  boilers  and  furnaces. 

It  also  appears  that  gas  lighting  will  be  almost  entirely  ac- 

Omplished  by  burning  gas  so  as  to  produce  heat  instead  of 

lilt,  the  heat  being  transformed  into  the  desired  light  by 

sans  of  auxiliary  apparatus. 

t  There  is  another  circumstance  which  tends  to  increase  the 

tneral  use  of  gas,  and  that  is  the  readiness  with  which  it 

,  by  means  of  suitable  gas  engines,  be  used  to  generate 

Wef.     These  motors  are  made  in  all  sizes,  from  mere  toys 

I  engines  of  5U0  horsepower;    and,  owing   to   their   con- 

tnience  and  remarkable  economy,  their  use   is  likely  to 

nine  general. 

The  rapid  development  and  extension  of  the  uses  of  gas, 
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both  for  heating  purposes  and  illumination,  renders  it  very 
necessary  that  the  gas-fitter  should  have  a  thorough  under- 
standing of  the  principles  of  the  combustion  of  gas,  and  of 
the  development  of  heat  and  light  thereby. 


GAS  SUPPLY  AND  DISTRIBUTION. 


PIPES, 

1054.  The  pipes  which  are  used  for  the  distribution  of 
gas  are  made  of  a  variety  of  materials,  including  cast  and 
wrought  iron,  brass,  lead,  block  tin,  and  **  composition " 
(which  is  an  alloy  of  lead,  tin,  and  antimony) ;  they  are  also 
made  of  rubber. 

1055.  Caiit  iron  is  usually  employed  for  large  pipes 
which  are  to  be  buried  in  the  ground,  such  as  street  mains, 
etc.  The  pipes  made  of  this  material  are  liable  to  be  of  un- 
equal density  and  texture,  being  close-grained  and  hard  in 
some  parts,  and  coarse-grained  and  spongy  in  others.  They 
are  also  liable  to  be  perforated  by  blow-holes  and  bubbles, 
which  vary  in  size  from  minute  pin-holes  to  hollow  spaces 
as  large  as  the  hand,  having  only  a  thin  crust  of  metal  upon 
the  inside  and  outside  of  the  spaces.  To  detect  these  de- 
fects, all  cast-iron  pipe  should  be  thoroughly  inspected  at 
the  foundry  where  made.  The  presence  of  unsound  iron  or 
spongy  places,  or  bubbles  of  any  considerable  size,  will  be 
revealed  by  the  difference  in  the  sound  when  tapped  with  a 
light  hammer.  Each  pipe  should  also  be  subjected  to  a  test 
by  hydraulic  pressure,  to  prove  its  tightness  and  strength. 

If  the  grain  of  the  iron  be  coarse  and  soft,  the  gas  will 
gratliuiliy  exude  through  the  metal  and  leak  away,  although 
the  i)ipe  may  be  solid  and  strong.  This  defect  is  usually 
remedied  by  coating  the  pipe  thoroughly,  both  inside  and 
out,  with  asphaltum,  or  a  mixture  of  asphaltum  and  tar. 
This  coating  also  prevents  the  metal  from  rusting,  and  thus 
adds  greatly  to  the  durability  of  the  pij)e. 

The  proper  mode  of  applying  the  coating  is  to  dip  the 
pipe  while  hot  in  a  bath  of  melted  asphaltum.     If  the  metal 
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not   properly  healeil,   the  coating  will   not  adheru  with 

icieiit  firmness,  and  will  fail  to  penetrate  and  seal  up  the 

lall  defects  of  the  pipe. 

(Standard  cast-iron  gas  pipes,  however,  as  placed  on  the 

larkct  by  the  manufacturers,  are  usually  uncoated;  this  is 

to  iivoid  the  use  of  unsound  pipes,  which  might  be  made 

temporarily  gas-tight  by  the  asphaltum  coating,  which  closes 

pores  or  other  imperfections. 

1056<     Wrougbt-lron  pipe  maybe  used  under  ground 
it  is  thoroughly  coated  and  protected  against  rust.     It 
corrodes  faster  than  cast  iron  under  the  same  conditions, 
and  its  durability  will  depend  mainly  upon  the  care  taken 
lo  protect  it.     The  smaller  sizes  of  pipe,  such  as  those  em- 
ployed to  connect  the  house  pipes  with   the  street   i 
should  always  be    galvanized    if  they  run   through  damp 
places,  and  if  they  are  buried  in  the  ground,  they  should 
be  protected  by  an  external  coating  of  asphaltum  of 
lerous  thickness. 
When  the  pipe  runs  through  cinders  or  coal  ashes,  the 
itective  coating  must  be  made  of  extra  thickness  to  resist 
■e  action  of  the  water  which  leaches  through  the 
iders.     The  pipe  should  not  only  be  coated  with  asphaltum 
the  usual  manner,  but  should  also  be  wrapped  with  two 
more  layers  of  coarse  cloth,  wound  on  spirally,  and  an 
coatingof  asphaltum  applied  hot,  in  sufficient  quantity 
thoroughly  saturate  the  cloth  and  cover  it. 
Galvanizing  alone  is  not  a  sufficient  protection  for  pipes 
through  ashes,  or  in  ground  which  is  permeated  with 
It  or  sea-water. 

Wrought-iron  pipe  has  an  advantage  over  cast-iron  pipe, 
,smuch  as  the  number  of  joints  required  in  a  given 
itance  is  much  less. 

Plain  black  wrought-iron  pipe  may  be  used  without 
litation  for  all  the  interior  piping  of  a  building,  except 
lere  Us  appearance  would  not  be  desirable. 

I  1057*     l-watl  pipe  may  be  used  for  conveying  gas  both 
nder  ground  and  in  buildings,  but  it  is  so  easily  distorted 
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and  kinked  that  iron  pipe  is  usually  preferred.  Lead  pipe 
must  be  protected  against  corrosion  where  it  comes  in  con- 
tact with  cement  or  mortar,  by  wrapping  it  with  building 
paper  and  coating  it  with  asphaltum  or  hot  tar. 

Pipes  which  are  made  of  lead,  block  tin,  or  composi- 
tion have  a  very  smooth  interior  surface  which  favors  the 
flow  of  gas  through  them,  and  they  are  also  capable  of  being 
easily  bent  to  suit  any  position.  But,  owing  to  their  flexi- 
bility, they  must  be  supported  on  shelving,  when  extended 
horizontally,  to  prevent  them  from  sagging,  and  thus  form- 
ing low  places  which  are  liable  to  accumulate  water. 

The  labor  of  making  the  necessary  connections  between 
soft  pipes  and  the  fixtures  is  greater  than  with  iron  pipe, 
and  the  first  cost  of  the  material  is  also  greater;  consequent- 
ly, the  use  of  soft-metal  piping  is  usually  dispensed  with  as 
far  as  practicable. 

Soft-metal  pipes  are  liable  to  be  damaged  or  punctured  by 
nails  which  may  be  driven  through  the  woodwork  near  them, 
and  sometimes  holes  will  be  gnawed  into  them  by  rats  and 
mice.  These  little  animals  evidently  like  to  use  their  teeth 
upon  the  soft  metal,  and  they  will  occasionally  gnaw  a  pipe 
without  any  other  apparent  reason. 

1058.  Pure  rubber  is  not  a  suitable  material  for  hold- 
ing gas,  because  the  gas  will  ooze  through  it  and  escape, 
just  as  water  will  ooze  through  wet  paper.  When  rubber  is 
used  for  the  construction  of  gas  bags  and  flexible  tubing,  it 
must  be  specially  prepared  in  order  to  be  gas-tight. 


NAMB»    OP    PIPES. 

1059.  The  main  supply  pipes  which  are  laid  in  the 
streets  are  called  malnti. 

The  branches  which  conduct  gas  from  the  mains  to  the 
house  are  called  service  pipes  or  services. 

The  pipes  which  convey  the  gas  from  the  meter  to  the 
various  parts  of  the  building  are  called  distributing 
pipes. 

All  vertical  pipes  are  distinguished  as  risers  or  <Irop 


jPpcs,  according  to  the  direction  of  tlie  flow  of  gas  within 
ftrm.  The  flow  is  upwards  in  a  "  riser,"  and  downwards  in 
L*'drop  "  pipe. 

FITTINGS. 
1 060i     The  fittings  employed  in  gas  piping  are  generally 
tiilar  to  those  made  for  steam  and  water,  except  that  some 
f  them  are  provided  with  lugs  or  flanges  by  which  they  can 
E  firmly  fastened  to  the  walls  and  ceilings, 
[  They  should  be  made  of  malleable  iron  for  all  sizes  up  to 
iches  in  diameter ;  for  larger  sizes,  cast  iron  may  be  used, 
vanized  fittings  are  to  be  preferred  to  plain  iron  fittings, 
icause  the  coating  of  zinc  will  usually  penetrate  into  any 
tSall   pin-hole  that  may  exist,  and  will   effectually  seal  it 
linst  leakage. 

lOtil.  I>«fectlvv  nttliiKs  should  not  be  employed  in 
f  case,  and  when  one  is  discovered  in  use,  it  should  be 
implly  removed,  if  possible,  and  be  replaced  with  a  per- 
sci  one.  The  practice  of  patching  holes  or  defects  in  fit- 
s  or  pipes  with  cement  is  a  dangerous  one,  and  should 
e  condemned.  The  cost  of  replacing  defective  fittings  with 
iind  ones  is  so  small  in  proportion  to  the  damage  that  may 
e  done  by  a  leak,  such  as  vitiating  the  air  or  suffocating 
some  person,  or  causing  an  explosion  or  fire,  that  the  gas- 
fitter  is  not  justified  in  risking  anything  upon  the  durability 
^pind  permanency  of  a  cement  patch.  Such  patches  are 
^Ktpecially  unsafe  if  they  arc  in  the  vicinity  of  steam  or  hot- 
^ftater  pipes  or  hot-air  flues,  or  are  near  a  hot  chimney. 
^^the  heat  will  soften  the  wax,  and  the  gas  pressure  will 
^Bowly  force  it  out  of  the  hole. 

^■1  1062>  A  variety  of  fittings  especially  designed  for  gas 
piping  is  shown  in  Fig.  369.  They  are  made  of  malleable 
iron,  and  are  known  in  the  trade  by  the  following  names: 
Quarter  elbow;  {d)  tee;  (c)  street  elbow;  {</)  cross; 
}  elbow  with  side  outlet;  {/)  right  and  left  coupling;  (jf) 
roujiling;  (A)  cap;  ((')  male  and  female  extension 
elbow,    female 


i  U)  pi»E;  (*) 


(')■ 


//  - 
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screwed;  (w)  drop  elbow  with  male  screw;  («)  drop  tee 
with  female  screw;  (o)  drop  tee  with  male  screw;  (/)  drop 
elbow  with  male  screw,  flange  left ;  ( ^ )  male  chandelier 
loop;  (r)  drop  elbow   with  long  outlet  piece;  (j)  chandelier 


(3^7^ 


Fig.  3C9. 


hook,  female;  (/)  pipe  strap,  tinned;  (//)  locknut;  (f)  long 
screw.  These  flanged  fittings  can  be  had  either  right  or  left, 
also  with  male  or  female  screws. 


FI>OW   OF  GAS. 

1063.  The  flow  of  gas  is  governed  by  the  same  laws 
that  govern  the  flow  of  other  fluids.  The  rate  of  flow 
depends  upon : 

1st.     The  area  of  the  pipe. 
2d.     The  length  of  the  pipe. 
3d.     The  pressure  of  the  gas. 
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4th.     The  density  of  the  gas. 

5th-     The  uuiiibir  and  class  of  fittings  in  the  length  of  the 

,I>e, 

1064.  The  volume  delivered  in  a  given  time  by  a  pipe 
given  area,  the  pressure  and  density  uf  the  gas  remaining 

iie  same,  will  be  inx'ersfly  as  the  square  root  of  the   length 
the  pipe. 

If  the  length,  area,  and  density  remain  the  same,  the 
oliimc  delivered  will   bs  directly  as  the  square  root  of  the 

If  the  pressure,  length,  and  area  remain  the  same,  the  vul- 
me  delivero<l  will  be  inrrrsflyaathe  square  root  of  the  dinsity. 

1065.  If  the  rate  of  flow  through  any  certain  length  of 
ipe  is  known,  the  volume   which   will   be    delivered    by  a 

igcr  or  shorter  pipe  of  the  same  diameter,  in  the  same 
Jme  (the  pressure  and  density  of  gas  remaining  the  same), 
ay  be  found  by  the  following  rule: 

Rultt. — Multiply  the  volume  delivered  by  the  pipe  of  given 
•Kgth  by  the  square  root  of  that  length,  and  divide  the  product 
I  Ihesquare  root  of  the  proposed  length.  The  quotient  zcill 
•  ike  delivery  at  the  proposed  length. 

BxAHrLB. — A  certain  pipe  50  feel  lung  delivers  100  cubic  feet  of  gas 
if  hour;  how  much  will  it  deliver  if  it  be  made  150  feel  long  ? 

Solution. — The  volume  originally  delivered  is  100  cubic  feet;  muU 
>1ying  this  by  t'.'io,  ur  7.07,  we  have  100  x  7.07  =  707.  Dividing  this 
<  v'iSo.  or  12.25  (150  =  proposed  length),  we  have  707  +  13,25  =  57.71 
.  ft.    Ans. 

I006>  The  volume  that  will  be  delivered  under  different 
'essures  may  be  computed  by  the  following  rule: 

Rule. — Multiply  the  volume  delivered  at  the  given  prcs- 
\re  by  the  square  root  of  the  proposed  pressure,  and  divide 
t  product  by  the  square  root  of  the  given  pressure.  The 
Wtient  will  be  the  delivery  at  the  proposed  pressure. 
The  pressure  to  be  considered  in  each  case  is  the  excess  of 
le  pressure  of  the  gas  when  it  enters  the  pipe,  above  the 
lUre  existing  in  the  chamber  into  which  it  discharges; 


660  GAS  AND  GAS   FITTING. 

or,  in  other  words,  it  is  the  difference  in  pressures  at  the 
inlet  and  discharge  of  the  pipe. 

Example. — A  certain  pipe  discharges  100  cubic  feet  of  gas  per  hour, 
from  a  reservoir  having  an  internal  pressure  of  1.6  inches  of  water, 
into  the  atmosphere ;  what  volume  will  be  discharged  per  hour  if  the 
pressure  be  increased  to  5  inches  of  water  ? 

Solution. — The  volume  discharged  at  the  given  pressure  is  100 

cu.  ft.;  multiplying  this  by  4/5,  or  2.236  (5  =  proposed  pressure),  we 

have  100  X  2.236  =  228.6.  Dividing  this  by  the  fTe,  or  1.265,  we  have 
223.6  -*- 1.265  =  176.7  cu.  ft.     Ans. 

Example. — A  certain  pipe  delivers  80  cubic  feet  of  gas  per  hour, 
from  a  main  having  an  internal  pressure  of  2.4  inches  of  water;  what 
pressure  must  be  put  upon  the  main  to  cause  the  pipe  to  deliver  150 
cubic  feet  per  hour  ? 

Solution. — As  the  quantities  delivered  are  directly  proportional  to 

the  square  roots  of  the    pressures,   it  follows  that  80  :  150  ::  4/2.4  : 

|/  proposed  pressure ;  hence,  squaring  all  the  terms  of  the  proportion 
(which  will  not  destroy  it),  6,400  :  22,500::  2.4  :  jr,  jr=8.44  =  pressure 
required  in  inches  of  water.     Ans. 

1067.  The  effect  of  variations  in  the  density  of  the 
gas  upon  its  flow  may  be  computed  by  rule,  Art.  1065. 
by  merely  substituting  the  word  density  for  the  word  length. 

The  foregoing  rules  apply  only  to  the  theoretical  flow 
of  gas  under  perfect  conditions.  In  practice,  perfect  con- 
ditions are  never  attained;  consequently,  the  actual  flow  of 
gas  in  pipes  is  less  in  volume  than  that  computed  by  the 
rules  given.  The  deficiency  varies  according  to  the  amount 
of  friction  and  other  resistances  within  the  pipe. 


PRESSURE  OF    GAS. 

1068.  If  the  specific  gravity  of  a  gas  is  less  than  that 
of  air  at  the  same  temperature,  then  the  pressure  will  always 
be  greatest  at  the  top  of  the  pipe  or  chamber  which  con- 
tains the  gas.  If  the  gas  is  heavier  than  air,  then  the 
greatest  pressure  will  be  at  the  bottom  of  the  chamber 
which  contains  it. 

The  upward  pressure  of  gas  having  a  less  density  than 
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lir  is  caused  by  the  deHciency  In  its  weight  and  its  conse- 
nuent  inability  to  balance  the  pressure  of  the  atmosphere. 
For  illustration,  let  us  consider  a  column  of  gas  1  foot 
quare  and  100  feet  high,  having  a  density  of  .6,  or  one-half 
hat  of  air,  its  temperature  being  the  same  as  that  of  the 
rtraosphere,  say  60°.     Now,  air  at  fiO°  weighs  .076i  pound 
>er  cubic  foot,  and  a  column  containing  100  cubic  feet  will 
■eigh  .0704  x  100  =  7.G4  lb.     The  gas  having  a  density  of 
5  will  weigh  only  half  as  much,  or  3.83   pounds,   and   is, 
therefore,  unable  to  balance  an  equal  volume  of  air.     Con- 
sequently,  it   is   pressed   upwards  with   a  force   of  7.  (i4  — 
5,82  =  3.83  lb.  against  the  top  of  the   chamber  which  con- 
ains  it.     Whatever  the  actual  pressure  of  the  gas  may  be  at 
:  bottom  of  the  column,  it  will,  in  this  case,  be  increased 
ht  the  top  to  the  extent  of  3.82  pounds  per  square  foot. 

58.     The  Increase  of  pressure  in  each  10  feet  of 
I  pipes  with  gas  of  various  densities  is  shown  in  the 
■loUowing  table: 

TABLE  40. 


Rise  in  pressure  . 

(iBchei  or  waterl, 

tensity  of  gas . . . 


0147 


0203 


044 


058 


073 


OSS 


103 


Example. — The  pressure  in  the  basement,  at  the  meter,  is  1.3  inct 
(  water;  what  will  be  the  pressure  at  the  sixth  story.  TO  feet  aboi 
Ule  denaily  of  the  gas  being  .4  ? 
t  Solution. — The  table  shows  that  the  increase  will  be  .088  ii 

I   10  feet  of    rise;   therefore..088  xT  =  .BIO   in.    increase.     Then. 
mre  ftt  sfith  story  =  1.2  +  .OlS  =  1.810  in.    Ans. 


for 


MEASURING    PRBSSURB  OF  GAS. 

I  1070k     The   pressure  of   gas  is  measured   by  the  same 

litnents  as  those  used  for  air  and  other  fluids.     The 

itruction  of  the  instruments,  however,   is  varied  some- 

M  for  convenience  in  handling. 

fThe  common  water  gnutce  is  shown  in  Fig.  370.     The 
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tube  a  is  made  of  metal,  and  is  provided  with  a  socket  J 
^^^Sy  which  will  screw  on  to  an  ordinary  fixture  in  the 
f  A\  place  of  a  burner.  The  tubes  d  and  c  are  made  of 
glass,  and  are  filled  with  water  up  to  the  zero  of 
the  scale.  The  scale  is  graduated  in  inches  and 
convenient  fractions  of  an  inch.  The  tube  £  is 
open  to  the  air  at  the  top.  When  pressure  is  ad- 
mitted to  the  tube  a,  the  water  will  sink  in  the 
tube  6,  and  will  rise  in  c.  The  difference  in  the 
height  of  the  water  in  the  two  tubes,  measured 
in  inches,  is  the  measure  of  the  pressure  exerted 
in  inches  of  water.  The  depression  below  zero 
in  b  should  be  added  to  the  rise  above  zero  in  c 
The  fall  in  one  tube  will  not  exactly  equal  the 
rise  in  the  othef  unless  the  tubes  are  of  exactly 
equal  bore. 

Water  gauges  are  sometimes  made  with  scales 

which  are  graduated  to  one-half  of  actual 

sizes,  so  that  only  the  rise  in  one  tube  need 

be  noted.     An  instrument  which  is  gradu- 
ated   in    that    way     must    be    held    exactly 

plumb,  and  the  water  must  stand  (-xartly  at 

zero  at  the  start;  otherwise  it  will  be  found 

that  the   rise  and  fall  will  not  be  equal,  and 

must  be  averaged  to  get  the  true  prcssuri.-. 
For  measuring  heavier  pressures,  mercury 

may  be  used  in  the  tubes  instead  of  water. 


1071.  Mttrcurlal  gauKea  for  gas- 
fitters'  use  are  of  two  classes,  namely,  the 
open-column  gauge  and  the  chscti-colunni 
gauge.     An  open-column  k^uku  is  shown 

in  Fig.  ;i7I.  The  mercury  is  contained  in 
an  iron  cup  //,  and  the  air  or  gas  under 
pressure  enters  through  the  tube  /.  The 
glass  tube  /■  is  packed  or  cemented  air-  fh 
tight  at  /,  and  is  protected  by  a  tubular  brass  t 
When  the  mercury  rises  in  the  glass  tiilie,  it  also 
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the  cup,  but  to  a  much  smaller  extent.  The  graduations 
upon  the  brass  casing  indicate  the  tlifference  of  level  in 
inches  which  exists  between  the  mercury  in  the  tube  when 
standing  at  that  height  and  the  actual  surface  of  the  mer- 
cury in  the  cup.  As  this  surface  varies  with  every  change 
pressure,  it  follows  that  the  graduations  will  not  corre- 
spond with  an  ordinary  scale  of  inches.  With  this  apparatus 
Ihe  mercury  will  rise  or  fall  about  2  inches  in  the  tube  for 
every  pound  difference  in  pressure  in  the  mercury  cup, 
because  the  glass  tube  is  open  to  the  atmosphere  on  top. 

The  chief  objections  to  the  open-column  gauge  are:  1st. 
The  glass  tubes  must  necessarily  be  so  long,  in  order  to 
secure  the  proper  height  of  mercury  column  to  resist  a  suit- 
fable  testing  pressure,  that  the  tube  invariably  gets  broken. 
Sd.  The  gauge  is  not  self-contained,  and  the  mercury  is  often 
ipilled  and  lost.  The  open-column  gauge,  however,  is  very 
sensitive  and  reliable. 


1072.  A  closed-column  gauge  is  shown  in 
Vli.  It  is  essentially  composed  of  a  chamber  a  and  a 
lube  6,  having  its  top  hermetically  sealed  and 
its  lower  end  opening  into  a  as  shown.  Two 
air  chambers  r  and  </  are  employed  in  the 
Construction,  the  bore  which  joins  the^L- 
eliambers  being  exceedingly  small.  A  pi-rous 
diaphragm  is  used  at  r  which  allows  air  ti> 
through  it,  but  not  the  mercury.  The 
ipparatus  is  screwed  on  to  the  g;is  pipe 
lystem  as  at/,  and  it  must  hang  plumb,  as 
own. 

Before  screwing  on  the  gauge  preparatory 
r  a  test  it  should  be  laid  on  its  back  until 
I  Ihe  mercury  which  may  be  in  d  falls  into 
This  allows  c  and  d  to  become  enlircly 
led  with  air  at  atmospheric  pressure,  so  that 
e  mercury  will  not  show  in  the  tube  iiiilil 
ewiire  i.s  applied  at/.  When  an  air  prts 
re  IS  applied,  it  forces  the  mercury   from 
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a  into  dy  thereby  compressing  the  air  in  the  tube.  The  rise 
of  the  mercury  in  d^  however,  will  be  very  slow  until  all  the 
air  in  d  is  compressed  into  c  and  the  mercury  reaches  the 
small  bore,  when  its  movement  will  be  rapid  because  of 
the  reduced  sectional  area  of  the  current.  If  the  pressure 
now  remains  constant  in  a  the  mercury  will  remain  stationary 
in  the  small  bore,  as  shown. 

This  form  of  gauge,  although  not  quite  as  sensitive  as 
the  open-column  gauge,  is  sensitive  enough  for  the  best  class 
of  work.  The  mercury  in  the  small  bore  will  fall  about 
1^  inches  for  every  pound  fall  of  pressure  in  a,  more  or  less, 
according  to  the  ratio  between  the  volume  of  c  and  d  and 
the  diameter  of  the  small  bore. 

If  a  colored  oil  is  used  instead  of  mercury,  this  gauge  will 
actually  become  almost  too  sensitive  for  practical  purposes; 
the  liquid  would  then  drop  about  2  inches  for  each  ^  of  a 
pound  decrease  of  pressure  in  a,  more  or  less,  according  to 
the  bore,  as  previously  stated. 

•  This  gauge  is  not  supposed  to  indicate  the  amount  of 
pressure,  but  simply  to  indicate  a  fall  of  pressure,  which  in- 
dicates leaks  in  a  gas-pipe  system.  For  gas-fitters*  use,  these 
gauges  arc  made  to  lest  at  a  pressure  of  10  pounds  per  square 

inch  only,  unless  the  plug  i  is  re- 
moved, when  a  test  of  1,5  lb.  per 
scjuare  inch  can  be  obtained.  Special 
tubes  are  required  for  testing  at 
higher  pressures.  It  will  be  observed 
that  this  gauge  is  self-contained  and 
the  glass  is  protected  against  damage. 


1 073.     The  arch  j;;aufi:c,  shown 
in  Fig.  373,  consists  mainly  of  an  in- 

sub- 
id  con- 


Q         I      verted  cup,  which    is  partially 
r\_  ^\,    merged  in  water  or  other  fluid 


^^ 


^_       tained  in  the  cylinder  a.     The  cup  is 
N^  suspended  by  a  cord  /',  and  is  partly 
Fir..  37:1  counterbalanced  by  a  weight  r.     The 

conX   passes  over  a  wheel  provided   with   a   pointer  which 
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jyavels  over  the  scale  on  the  "arch."  Whenthe  pressure  of  the 
s  increases,  it  raises  the  cup  correspondingly,  and  the  pres- 
mre  is  indicated  by  the  position  of  the  pointer  on  the  scale. 
Pressures  which  have  been  measured  in  inches  of  water 
■  mercury  may  be  translated  into  pounds  per  square  inch 
r  square  foot  by  multiplying  the  reading  by  the  following 


One  inch  of  water  at  l>'i°  —  5.3  lb,  per  square  foot. 

One  inch  of  water  at  03°  =  .03B1  lb.  per  square  inch. 

One  inch  of  mercury  at  02°  =  .4897  lb.  per  square  inch. 

Pressures  per  square  inch  or  square  foot  may  be  con- 
rerted  into  inches  or  feel  of  water,  or  inches  of  mercury,  by 
multiplying  the  pressures  by  the  following  figures: 

One  pound  per  square  foot  —  .1923  inch  of  water  at  03". 

One  pound  per  square  inch  =  27.7  inches  of  water  at  02°. 

One  pound  per  square  inch  =  2.042  inches  of  mercury  at 


MEASURING  THE  FLO^V  OF  GAS. 

1074.    The  velocity  of  gas  Unwing  through  a  pipe  may 

!  measured  by  means  of  PItot'a  tube,  which  is  shown  in 

^ig.  374.    It  consists  of 

fcwo  tubes   rt  and    i, 

jvhich  are  secured  in  a 

nitable   plug   c.      The 

lower  end  of  a  is  square, 

the    end    of    d    is 

lurvcd  to  face  the  cur- 

as    shown.     The 

hpper  ends  of  the  tubes 

ire    connected     to     a 

pater   gauge   i/.      The 

^essure    which    affects 

ilie  gauge  is  due  to  the 

lomentum   of   the  gas 

hich  strikes  the  open 

JBd  of  the  lube  k    The 

ttkkcity    whii  h     corre- 

londs  to  any  certain  indication  of  the  water  gauge  may  be 
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found  by  referring  to  the  tables  which  are  fumished  by  the 
maker  of  the  instrument. 

The  volume  of  gas  passing  through  a  pipe  in  a  given 
time  is  computed  by  multiplying  the  velocity,  as  found  by 
Pitot's  tube,  by  the  area  of  the  pipe. 

1075«    The  actual  quantity  of  the  gas  is  computed  by 

correcting  the  volume  for  temperature  and  pressure,  redu- 
cing it  to  a  volume  at  standard  temperature  of  82^  and  stand- 
ard pressure  of  1  inch  of  water.  The  correction  for 
temperature  may  be  made  by  use  of 

Rule  I. — Multiply  the  measured  volume  by  the  actual 
temperature  plus  ^60^  and  divide  the  product  by  49iS,  The 
quotient  will  be  the  illume  at  S2°, 

The  correction  for  pressure  may  be  made  by 

Rule  II. — Multiply  the  volume  by  the  pressure  in  inches 
of  water  plus  Jfil^  and  divide  the  product  by  JfiS.  The 
quotient  will  be  the  volume  at  1  inch  pressure. 

Example. — A  certain  pipe  passes  1,000  cubic  feet  of  gas  per  hour, 
under  a  pressure  of  8  inches  of  water ;  what  will  the  volume  be  when 
the  pressure  is  reduced  to  1  inch,  the  temperature  remaining  the  same  ? 

Solution. — Applying  rule  II, 

1,000  X  (H  -f  407)  -i-  408  =  1,017.1  cu.  ft.     Ans. 

In  detalinj^  with  gas  it  is  necessary  to  keep  in  mind  a  clear 
distinction  between  the  apparent  vclumc  of  the  gas  and  the 
actual  quantity.  The  former  is  the  volume  as  measured  at 
the  actual  temperature  and  pressure,  while  the  latter  is  the 
volume  of  the  same  gas  at  standard  temperature  and  pressure. 

.1076.  For  ordinary  purposes,  the  volume  of  gas  passing 
through  a  pipe  is  measured  by  an  apparatus  called  a  gas 
meter.  A  gas  meter  measures  the  volume  only,  and  its  in- 
dications are  not  affected  by  any  change  that  may  occur  in 
the  pressure  of  the  gas.  Gas  is  used  at  the  burners  at  a 
nearly  uniform  low  pressure,  while  the  pressure  in  the  street 
mains  often  varies  3  or  4  inches  per  day.  Consequently,  a 
gas  meter  is  a  very  inaccurate  instrument  for  measuring  the 
actual  quantity  of  gas  supplied. 
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Usually  the  gas  meter  is  adjusted  to  measure  correctly  at 
a  cfrlain  pressure,  and  that  pressure  is  intended  to  be  the 
average  pressure  of  the  gas  in  the  mains  in  the  locality 
■where  the  meter  is  used.  Although  the  mechanism  of  the 
meter  may  be  perfectly  accurate,  yet  if  the  pressure  fur 
vhich  it  is  adjusted  does  not  correspond  with  the  actual 
Average  pressure  in  the  mains,  it  will  necessarily  give 
incorrect  measurements, 

The  adjustment  is  made  in  the  following  way:  It  is  shown 
In  the  example  given  in  Art.  1075,  that  1,000  cubic  feel  of 
gas  at  8  inches  pressure,  becomes  l,(i!7.!  cubic  feet  when 
reduced  to  1  inch  pressure.  In  the  case  of  a  meter  which  is 
neasure  gas  at  8  inches,  the  registering  mechanism  is 
adjusted  to  indicate  1,017,1  cubic  feet,  when  the  measuring 
apparatus  has  really  passed  but  l,00u  cubic  feet. 

If  a  meter  thus  adjusted  to  8  inches  pressure  should  be 
lUscd  to  measure  gas  having  a  pressure  of  only  1  inch,  it 
i^ould  indicate  too  much  to  the  extent  of  17.1  cubic  feet  per 
^thousand. 

The  excess  thus  indicated  by  any  meter  which  is  adjusted 
to  a  pressure  differing  from  the  true  pressure  will  be  about 
2.45  cubic  feet  per  thousand  for  each  inch  of  difference  in 
pres.sures.  The  difficulty  thus  encountered  in  correctly 
measuring  the  volume  of  gas  actually  delivered  under  vary- 
ing pressures  is  e.isily  overcome  by  using  a  governor 
between  the  meter  and  the  street  main  or  service  pipe. 
The  governor  is  a  species  of  reducing  valve  which  will 
receive  gas  at  any  pressure,  whether  steady  or  variable,  and 
discharge  it  at  a  steady  low  pressure.  A  governor  is 
described  in  Art.  108I. 


MEAStlRIXG  THB  VOI.UMB  OP  CAS. 

I077.  Meters  f<)r  measuring  the  volume  of  gas  have 
been  constructed  in  many  ways.  The  varieties  which  are 
most  in  use  at  the  present  time  are  shown  in  Figs.  ;i7S.  370. 
and  ;i7r. 

The  wet  meter  is  shown  in  Fig.  375.     The  measuring 
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is  done  by  means  of  a  revolving  cylinder  which  is  divided 
by  partition!  into  four  cham- 
bers b,  c,  d,  and  /.  The  gat 
enters  through  a  pipe  «, 
which  opens  joat  above  the 
surface  of  the  water.  The 
inner  ends  of  the  partitions 
are  curved  so  that  they  dip 
under  the  water  and  prevent 
the  fresh  gas  from  entering 
into  any  other  chamber  than 
the  one  which  is  rising  out 
of  the  water.  In  the  figure 
>io.  m.  gas  is  beginning  to  fill  the 

chamber  b,  and  it  is  discharging  freely  from  the  chamber  d 
into  the  outer  casing  to  which  the  discharge  pipe  is  attached. 
The  outlet  of  chamber  c  is  still  under  water  and  no  gas  can 
escape  from  it  until  the  cylinder  turns  over  a  little  farther. 
The  filling  and  emptying  of  the  chambers  continue  as  long 
as  any  gas  is  passing  through  the  meter. 

The  capacity  of  nach  chamber  depends  upon  the  level  of 
the  water  within  it;  consequently,  the  water  must  be  kept 
exactly  at  a  proper  level  at  all  times  to  enable  the  meter  to 
measure  accurately.  The  axis  of  the  cylinder  must  be  made 
strictly  horizontal,  otherwise  the  capacity  of  the  chambers 
will  be  increased  and  the  meter  will  indicate  less  than  the 
true  volume  passing  through.  The  water  will  evaporate 
and  pass  off  as  vapor  along  with  the  gas,  and,  unless  re- 
plenished, the  meter  will  become  more  and  more  inaccurate, 
until  finally  the  gas  will  pass  through  without  registering  at 
ill.  Many  dishonest  persons  have  taken  advantage  of  the 
fact  that  by  tipping  the  meter  so  that  one  end  of  the 
cylinder  is  considerably  higher  than  the  other,  the  water 
may  be  made  to  uncover  the  inlet  and  outlet  openings  of  a 
chamber  at  the  same  time,  thus  permitting  the  gas  to  pass 
through  without  turning  the  cylinder  or  registering. 

The  best  forma  of  wet  meters  are  provided  with  a  float 
attachment  which  automatically  closes  the  gas  inlet  when 
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Wibe  water-line  is  too  high  or  too  low,  thus  obtaining  a  rea- 
lably  uniform  measuring  capacity  in  the  meter,  and  pre- 
I  venting  a  passage  of  gas  without  a  corresponding  movement 
§of  the  drum. 

The  wet   meter   is  sufficiently  accurate  if  kept  in  good 
«rder,  but  owing  to  the  defects  mentioned,  it  is  now  but 

■  little  used  for  measuring  the  amount  of  gas  supplied  to  con- 
liEumers.     But  it  is  still  employed  at  gas  works  in  preference 

■  to  all  others  to  measure  the  total  amount  of  gas  produced. 
kFor  this  purpose  it  is  constructed  of  large  dimensions,  and 

i  provided  with  glass  gauges  by  which  the  level  of  tlie  water 
Imay   be    observed    and    accurately    controlled.      It    is    then 

■  called  a  station  meter. 


1078.     An  ordinary  variety  of  dry  meter  is  shown  in 
iFig.  37G.    The  measuring  is  done  by  means  of  two  tiellowH 

and   d,    which   are   inflated   and 
lemptied  in  alternation.     The  meter 
Rcase  is  divided  into  three  chambers, 
Wthe  upper  one  containing  the  valves 
I'f  and  (/  and  the  registering  mechan- 
The   body   of    the    case    is 
livided  by  a  partition  c  into  two 
squal  chambers,  each  of  which  con- 
lams  one   of    the   bellows.       Each 
lellows  consists  of  a  large  circular 
nlate  _/"  which  is  supported   by  at- 
tachments to  the  vertical  rock-shaft 
^,  and  a  flexible  ring  or  diaphragm 
I,  having  one  edge  secured  to  the 
blateyand  the  other  to  the  middle 
tition  t:     The  rock-shafts  ^  are 
inected  at  the  top  by  arms  and 
tnlcB   to   a   central   crank  i:     The 
'  or  stroke  of  the  plates  /  is 
^us  limited  to  an  exact  distance, 
1  the  relative  movements  of  the 
bro  bellows  are  so  timed  that  the 
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movement  of  gas  through  them  is  steady  and  nearly  uniform. 
The  interior  and  exterior  spaces  of  the  two  bellows  constitute 
four  measuring  chambers,  and  the  gas  is  admitted  to  and 
released  from  them  in  rotation,  by  the  movement  of  the  slide 
valves  c  and  d.  These  valves  are  moved  by  means  of  links 
connected  to  the  crank  on  the  lower  end  of  the  central  shaft  /. 
The  amount  of  gas  passed  through  by  each  bellows  at  one 
revolution  of  the  shaft  nearly  equals  the  area  of  the  circle 
filled  by  the  leather  ring  h  multiplied  by  the  actual  distance 
through  which  the  plate  y  is  moved,  or  twice  its  stroke. 

The  capacity  of  the  meter  is  regulated  by  adjusting  the 
radius  of  the  crank  /r,  and  thus  changing  the  length  of  the 
stroke  of  the  bellows.  The  rotations  of  the  shaft  are  recorded 
by  the  registering  mechanism  at  ;//,  and  the  volume  passed 
through  is  indicated  in  cubic  feet. 

The  rings  or  diaphragms//  are  usually  made  of  fine  leather. 
After  long  service  these  rings  are  liable  to  become  hard  and 
stiff,  and  to  crack.  To  keep  them  in  good  serviceable  con- 
dition, they  must  be  oiled  at  intervals.  When  the  meter  is 
used  for  gas  which  has  not  been  properly  purified,  the  leather 
rings  are  liable  to  become  coated  with  tarry  matter,  and  thus 
be  spoiled. 

1079.  Dry  meters  are  also  made  with  three  diaphragms, 
and  the  diaphragms  are  sometimes  made  square.  A  dry 
meter  designed  especially  for  natural  gas  and  high  pressures 
is  shown  in  Fig.  377,  (a)  being  an  external  view,  and  (^)  an 
inside  view  of  the  working  parts. 

Three  diaphragms  a  are  employed,  each  one  being  con- 
nected by  a  link  to  the  central  crank  /;.  The  diaphragms  are 
single-acting,  that  is,  they  displace  gasonly  when  they  move 
outwards  into  the  chambers  enclosed  i)v  the  covers  d.  The 
central  or  main  chaml)er  is  filled  with  gas  at  full  pressure  at 
all  times.  The  gas  is  admitted  and  released  from  the  measur- 
ing chambers  behind  the  diaphragms  by  means  of  a  hollow 
circular  slide  valve  r,  which  is  attached  to  the  crank  on  the 
lower  end  of  the  central  shaft.  When  gas  is  admitted  to  a 
measuring  chamber,  the  diaphragm  is  balanced,  having  an 
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[qual  pressure  on  each  side,  aad  it  moves  inwards  in  obedi- 
tice  to  the  crank,  without  resistance,  thus  filling  the  cham- 
ler  behind  it.  But  when  the  valve  cuts  off  the  fresh  gas  and 
lens  a  duct  Into  the  delivery  pipe,  the  pressure  in  the  central 
lamher  exceeds  that  in  the  delivery  pipe,  and  the  diaphragm 
fc  driven  outwards,  expelling  the  gas  from  the   measuring 


mamber.  Thus  the  measuring  chambers  arc  filled  and 
nptied  in  regular  rotation.  The  shape  of  the  meter  being 
^herical,  it  can  endure  high  pressures  without  distortion  or 
fey  impairment  of  its  accuracy. 

f  All  gas  meters  require  a  certain  small  amount  of  power  to 
Mrate  them;  consequently,  the  pressure  of  the  gas  will  be 
lightly  reduced  in  passing  through  the  meter.  In  the  ordi- 
pry  size  used  in  dwellings,  the  reduction  of  pressure  usually 
mounts  to  about  .2  inch  of  water,  sometimes  more.  When 
s  is  supplied  at  very  low  pressure,  it  becomes  difficult  to  use 
{meter,  because  the  resistance  which  it  offers  diminishes  the 
sure  at  the  burners  to,5uch  an  extent  that  the  gas  will 
t  burn  well. 

r  Thus,  if  gasis  furnished  at  a  pressure  of  .5  inch  and  the 
resistance  of  the  meter  is  .2,  then  the  gas  passing  to  the 
burners  will  have  a  pressure  of  only  ..1  inch,  and  will  burn  in 
nguid  way  that  it  will  be  very  unsatisfactory. 
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The  numbers  usually  affixed  to  gas  meters  indicate  the 
number  of  gas  burners  consuming  five  cubic  feet  each  per 
hour  which  the  meter  will  supply  with  ease  and  certainty.  In 
practice  the  number  of  burners  may  be  increased  one-third 
above  the  number  on  the  meter. 

Gas  meters  should  not  be  exposed  to  a  lower  temperature 
than  40°,  nor  a  higher  temperature  than  100°,  since  the  oiled 
leather  in  the  diaphragms  will  be  injuriously  affected  thereby. 

The  internal  condition  of  a  meter  can  be  ascertained  by 
noting  the  difference  in  pressure  in  the  supply  and  delivery 
pipes.  A  water  gauge  should  be  attached  to  each  pipe  as 
close  to  the  meter  as  practicable.  If  the  gauges  show  a 
difference  greater  than  .2  inch  in  pressure,  the  meter  should 
be  removed  and  repaired. 


READING    GAS   METERS. 

1080.  Fig.  378  is  a  diagram  of  a  meter  dial  of  the  ordi- 
nary type.  When  the  pointers  all  point  to  the  zero  mark  on 
their  respective  dials,  the  meter  is  said  to  be  at  zero.  If  the 
meter  is  at  zero  and  a  certain  volume  of  p^as  is  allowed  to 


*tBOir^ 


^^ous^j^ 


Fig.  r,i<. 


pass  through  it,  the  number  of  cubic  feet  of  gas  passing 
through  the  meter  will  be  indicated  on  the  dials.  If  the 
meter  is  not  zero,  however,  the  number  of  cubic  feet  of  gas 
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■rhich  has  actually  passed  through  during  the  timt;  specified 

S  equal  to  the  difference  between  the  number  indicated  upon 

;  dials  before  the  gas  was  allowed  to  flow  through  the 

Icter,  and  that  indicated  when  the  gas  has  flowed  through. 

Che  top  dial  is  marked  two  feet,  which  means  thut  when 

3  cubic  feet  of  gas  have  passed  through  the  meter  the 

nter  on  this  dial  will  have  made  one  revolution. 

When  1.000  cubic  feel  of  gas  have  passed  through  the 

toeler,  the  pointer  of  the  dial  to  the  right,  which  is  marked 

I  tkoiitand,  will  have  made  one  complete  revolution,  and  the 

ointer  of  the  middle,  or  10  t/iousattd  dial,  will  have  moved 

ra   0   to   1.     When   the  pointer  lo  the  right  has  made 

Hhcr  revolution,  the  pointer  of  the  middle  dial  will  have 

ved  from  1  to  ~',  which  means  that  two  complete  revolu- 

ns  of  the  pointer  to  the  right  have  been  made.     When 

;  middle  pointer  has  made  one  complete  revolution,  the 

lointer  to  the  left   will   have   moved  from  0  to  1  on  the 

thousand  dial,    which    means   that   ^'„  of   1()0,0<X>,    or 

KW  cubic  feet,  have  passed  through  the  meter. 

o  read  a  meter  dial  of  this  description,  first  write  down 

h&  figure  which  the  pointer  has  just  passed  on  each  dial, 

Jjen  annex  two  ciphers  to  the  right ;  the  number  so  obtained 

rill  be  the  amount  of  gas  in  cubic  feet  which  the  meter  has 

Measured. 

i  Thus,  the   pointers  on   the  diagram   {Fig.  378)  indicate 

t  14,200  cubic  feet  of  gas  have  passed  through  the  meter. 

Tien  the  pointer  to  the  left  has  made  one  complete  revolu- 

,  the  process  of  indicating  is  repeated.     The  pointers  all 

K»ve  from  the  smaller  to  the  larger  figures,  just  like  the 

s  of  a  clock. 


REGULATION    OF    GAS    PRESSURE. 

L  10S1<     Pressure    regulators   for   gas.    also   called    kos 

4v«mors,  are  designed  to  receive  gas  at  a  high  and  vari- 

!  pressure,  and  to  deliver  it  at  a  lower,  but  steady  pres- 

In  principle,   ihey   belong   to    the  general  class  of 

latic  reducing  valves. 


674  GAS   AND   GAS    FITTING. 

A  regulator  suitable  for  large  pipes  or  mains  is  shown 
in  Fig.  379.  It  consists  of  a  hollow  cylinder  or  drum  a, 
which  floats  in  water  within 
the  tank  b.  The  drum  is 
guided  by  means  of  a  rod  ^  at 
the  top  and  rollers  d  at  the 
bottom.  The  gas  is  brought 
in  through  the  pipe  e  and  is 
discharged  aty.  The  passage 
of  the  gas  is  controlled  by  the 
conical  valve  g,  which  is  at- 
tached by  a  rod  to  the  top 
of  the  drum  a.  A  very  slight 
increase  in  the  pressure  of 
the  ga.s  within  the  drum  and 
pipe/" will  cause  the  drum  to 
lift  and  reduce  the  opening 
of  the  valve  ^,  thus  checking 
the  inflow  of  gas.  Similarly, 
if  the  pressure  should  fall,  the 
drum  would  sink  and  increase 
the  opening  of  the  valve  until 
the  ])ressure  in  the  delivery 
pipe  rose  to  tho  point  for 
whiili  the  regulator  was  ad- 
justed. The  pressure  in  the 
delivery  pipe  may  lie  deter- 
mined by  increasing  or  diminishing  the  weiglits  at  ii. 

It  will  be  seen  that  the  pressure  in  the  delivery  pipe  is  not 
exactly  constant ;  but  the  variation  is  confined  within  such 
narrow  limits  that  the  purpose  of  regulation  is  accomplished 
with  sufficient  accuracy  for  all  ordinary  uses. 

Small  regulators  for  domestic  use  are  constructed  upon 
the  same  jirinciplc.  Water  is  unsuitable  for  small  regulators 
because  it  evaporates  so  easily.  In  many  instances  glycerine 
is  used  in  place  of  water,  since  it  will  not  evaporate  at  any 
ordinary  temperature.  Mercury  is  also  used  with  complete 
success. 
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[  1082.     Another  variety  of  regulators  is  made  in  which 

%e  floating  drum  is  replaced  by  a  flexible  diaphragm  a,  as 

)wn  in  Fig.  380.      This  diaphragm  rises  and  falls  with 

;    variations     in     pressure 

the     delivery    pipe,    and 

urates  the  valve   li   in  the 

!  manner  as  the  floating 

1     in     Fig.     379.      This 

iariety  o(  regulator  is  called 

dry    Kovernor.        These 

[overnors  are  used  upon  the 

ras  pipes.     Both  varieties  of 

are,  however,  made  of  sufficiently  small  dimen- 
intro]  single  gas-burners,  and  are  frequently  united 
in  the  same  structure. 

1083.  A  very  successful  burner  containing  a  wet 
Rovernor  is  shown  in  Fig.  :JWI.  The 
gas  passes  upwards  through  the  valve 
seat  a  into  the  interior  of  an  inverted 
cup/',  which  floats  in  glycerine*/,  con- 
tained in  the  lower  part  of  the  shell  c. 
It  escapes  from  the  floating  cup 
through  two  small  holes,  which  are 
iiKide  of  a  size  that  will-pass  the  de- 
-.ircd  quantity  vi  gas  which  the  burner 
is  intended  to  consume  per  hour,  at  a 
|Mi.-ssure  of  .5  inch  of  water.  If  the 
|ircssure  within  the  cup  exceeds  that 
.<iniiunt.  the  cup  will  rise  and  partially 
I  ■'■i;  the  valve.  It  thus  maintains  the 
1. 1-  -sure  at  the  tip  very  close  to  .5  inch 
aL  all  times,  and  ensures  a  steady  rate 
E  consumption,  although  the  pressure  in  the  pipes  may 
tctuate  through  20  inches  or  more. 

[  1084>  One  of  the  most  improved  forms  of  dry  govern- 
s  for  single  gas-burners  is  shown  in  Fig.  382.  It  is  called 
lioluniecrlc  regulatur.     The  flow  of  gas  to  the  burner 


076 


GAS   AND   GAS   FITTING. 


tip  is  controlled  by  a  tubular  valve  a,  which  closes  against 
a  seat  b,  and   which  is  attached   to   a   very  light   disk  d. 
ind  down  freely,  like  a  piston,  in  the 
cylindrical  chamber c,  being  guided 
also  by"  the  central  post.     Gas  is 
admitted  freely  to  the  under  side  of 
the  disk,  and  a  certain  quantity  is 
permitted   to  pass  around  to  the 
upper  side  through  the  hole  e.    The 
rapacity  of  this  hole  may  bechanged 
by  means  of  the  regulating  screw 
f.     The   weight  of  the   disk  and 
Ive   is   made   such   that   it   will 
require   a  certain  excess   of   pres- 
c  on  its  under  side,  say  i  inch, 
to  lift  it.     When  it  begins  to  rise, 
Fio.  88B.  there   is   nothing   to   stop   its  up- 

ward movement  or  to  prevent  the  valve  a  from  closing  the 
outlet  except  the  circumstance  that,  as  the  outlet  becomes 
choked,  the  pressure  above  the  disk  increases  until  it  ap- 
proximates or  equals  the  pressure  below  it.  The  excess 
of  pressure  on  its  under  side  is  thus  diminished,  and  is 
no  longer  sufficient  to  hold  it  up;  consequently,  it  will 
gradually  drop  and  increase  the  outlet  opening  until  the 
pressure  above  the  disk  becomes  \  inch  less  than  that  below 
it.  Thus,  the  /frissiirf  »i  the  gas  escaping  past  the  valve  to 
the  burner  will  always  equal  the  dilTerence  in  pressure  on 
the  upper  and  lower  sides  of  the  disk,  in  this  case  about 
.5  inch;  and  the  iWwwc  will  dejiend  u]K)ti  the  size  of  the 
orifice  as  determined  by  the  screw  /.  15y  adjusting  this 
screw,  the  gnvernnr  can  be  arranged  to  deliver  gas  in  any 
volume  within  its  scope. 


10H5.  It  should  be  observed  that  ibere  is  a  radical 
difference  in  ihe  effect  produced  by  the  two  classes  of  gov- 
ernors described.  The  governors  shuwn  in  Tigs,  ;(Ti)  and 
;isu  operate  only  to  regulate  the  /Tissiir,-  in  the  delivery 
pipes;  they  di)  nol  limit  or  control  the  voliivu-  of  the  gas 
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lasslng  through.  They  will  pass  enough  gas  to  mamtain 
he  pressure,  no  matter  whether  the  amount  be  ten  feet  per 
liour  or  a  thousand. 

The  governors  shown  in  Figs.  381  and  383  not  only  con. 
trill  ihe/rcssun-  of  the  gas  which  is  delivered  to  the  burner, 
^but  they  determine  the  volutttc,  also,  with  great  exactness. 
The  gas  is  compelled  in  each  case  to  pass  through  fixed 
prilices,  which  will,  of  course,  pass  only  a  certain  volume 
►er  hour  at  the  pressure  for  which  they  are  adjusted.  Any 
ittcnipt  to  increase  or  diminish  the  volume  passing  instantly 
nhanges  the  internal  pressure  and  Causes    the    regulating 

pralve  to  move.  

PRESSURE. 

10S6>     The  objects  sought  in  the  use  of  pressure  regu- 
lators or  governors  are,  first,  economy  in  the  consumption  of 
,  and,  secondly,  stcaiiimss  of  the  lights  and  the  most 
■fftclive  operation  of  the  burners. 
A  burner  which  is  designed  to  consume  say  5  cubic  feet 
kf  gas  per  hour  will  work  most  efficiently  when  it  is  sup- 
|>licd  with  just   that   quantity — neither  more  nor  less.     If 
nnly  4  cubic  feet    are  supplied,  the  flame  will  be  dull  and 
■rooky,  and  the  amount  of  light  will    be  considerably  less 
than  that  produced  by  a  4-foot  burner  using  the  same  gas. 
Bf  fl  cubic  feet  be  forced  through  the  burner,  the  tlame  will 
[are  and  jump,  and  the  light  given  off  will  be  less  than  that 
^oduced  by  a  6-foot  burner. 

If  the  volume  of  gas  passed  through  a  burner  considerably 
biceeds  the  amount  it  was  designed  to  burn,  some  of  the 
btcess  will  pass  through  without  being  burned,  and  will 
jontaminate  the  air  of  the  room  in  which  it  is  used. 
I  It  is  of  great  importance,  therefore,  that  both  the  volume 
I  pressure  at  the  burners  should  be  closely  regul.ited. 
Tie  amount  of  gas  wasted  by  overpressure  is  much  greater 
lan  generally  known.  A  good,  new  lava  tip  burner  con- 
nming  fi  cubic  feet  per  hour  at  .5-inch  pressure  will  con- 
e  about -3  of  a  cubic  foot  more  for  each  increase  of.  1  inch 
in  the  pressure.  Thus,  an  overpressure  of  .1  inch  will  in- 
crease the  gas  bill  atxiut  10  per  cent. 
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The  variation  in  the  gas  pressure,  even  in  the  best  regii* 
lated  systems,  is  usually  much  greater  than  one-tenth  inch, 
frequently  ten-tenths  and  more. 

1087*  There  are  two  systems  of  gas  regulation  now  in 
vogue,  which  are  called,  respectively,  pressure  regulation 
and  volumetric  ren^ulatlon.  In  the  first  system,  a  gov- 
ernor is  attached  to  the  service  pipe  at  the  meter,  and  the 
house  distributing  pipes  arc  maintained  at  a  constant 
amount;  in  the  second  system,  each  burner  is  supplied  with 
a  governor,  and  the  pressure  in  the  house  pipes  is  not 
controlled,  being  about  the  same  as  in  the  mains. 

In  applying  the  system  of  pressure  regulation^  a  number 
of  difficulties  are  encountered  which  prevent  the  attainment 
of  a  satisfactory  degree  of  success.  If  the  system  of  dis- 
tributing pipes  be  extensive,  the  resistance  will  be  so  great 
that  it  will  be  impracticable  to  maintain  a  uniform  pressure 
throughout  the  system.  If  the  burners  at  the  extreme  end 
of  the  system  are  supplied  at  a  proper  pressure,  then  those 
which  are  nearer  to  the  meter  will  suffer  from  overpressure, 
and  will  waste  the  gas. 

If  the  pressure  is  right  for  the  burners  on  the  first  floor  of 
a  building,  it  will  be  too  high  for  those  on  the  upper  floors. 
In  very  high  buildings  this  difficulty  is  met  by  employing  a 
governor  on  each  floor.  But  if  the  floor  areas  are  exten- 
sive, the  resistance  of  the  pipes  will  cause  a  difference  in 
pressure  at  various  points,  and  the  burners  near  the  governor 
will  waste  gas  from  overpressure,  while  those  at  the  far  end 
of  the  system  will  only  be  sufficiently  supplied. 

The  attempt  to  overcome  these  difficulties  by  using 
check  burners  is  often  made,  but  it  is  found  to  be  im- 
practicable. The  checks  can  not  be  adjusted  to  the  require- 
ments of  each  burner,  except  by  an  expenditure  of  time  and 
labor  that  usually  can  not  be  allowed;  and  beinj^  composed 
of  fine  wire  gauze  or  a  wad  of  cott(Mi,  they  are  soon  fouled 
and  clogged  by  the  impurities  carried  with  the  gas. 

1088.  The  system  of  volumetric  regulation  is  free  from 
all  these  difficulties.     No  governors  are  required  on  the  house 
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jMpe  or  service  pipe;  the  pressure  may  be  the  same  as  in  the 
street  main,  and  it  may  fluctuate  to  any  extent,  provided 
that  it  never  falls  too  low  to  supply  enough  gas.  Under 
system  every  burner  has  its  own  governor,  and  if  the 
regulators  are  properly  adjusted,  each  burner  will  have  the 
proper  amount  of  gas  at  just  the  right  pressure  to  enable  it 
to  produce  light  in  the  most  economical  manner.  While 
system  of  pressure  regulation  is  far  more  economical 
than  the  use  of  check  burners  without  other  regulation,  yet 
It  can  not  regulate  the  pressure  and  volume  with  the  nicety 
that  ia  required  for  successful  lighting.  The  volumetric 
system  is  to  be  preferred  in  all  cases. 

There  is  a  use,  however,  for  a  pressure  regulator  on  the 
service  pipe,  which  may  be  of  importance  in  some  situations. 
A  meter  can  not  measure  accurately  if  the  pressure  varies 
any  considerable  amount,  as  before  explained.  Therefore, 
if  it  happens  that  accuracy  of  measurement  at  the  meter  be 
of  great  importance,  a  regulator  or  governor  may  be  placed 
between  the  meter  and  the  street  main. 

The. proper  place  for  a  pressure  regulator,  if  one  be  used, 
is  between  the  meter  and  the  main.     The  meter  should  then 
Ik  adjusted  to  suit  the  house  pressure  instead  of  the  street 
essure. 

The  ordinary  practice  is  to  put  the  governor  on  the  house 
lide  of  the  meter,  and  to  use  a  meter  that  is  adjusted  to 
'hat  is  supjwsed  to  be  the  avcragf  pressure  in  the  street 
lain.  This  average  is  usually  mere  guesswork.  The 
Trangement  has  no  advantages,  and  is  inferior  to  that 
;COm mended  above. 

The  pressure  which  should  be  given  to  the  gas  at  the 
lumers,  in  order  to  secure  the  best  results,  varies  greatly 
different  forms  of   apparatus.      The   following   arc   the 
iressures  generally  used: 

Argand  burners 2  inch  of  water. 

Common  batswing  burners    5  inch  of  water. 

Welsbach  incandescent  burners 5  or  more. 

Wenham  and  Lebrun  lamps 5  to  1  or  more. 

Atmospheric  burners 1.0  or  more. 
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8IZB  OP  PIPES. 

1080«  The  capacity  of  each  pipe  must  be  great  enough 
to  properly  supply  all  the  burners  which  receive  gas  through 
it,  when  every  burner  is  in  full  operation.  Allowance  must 
also  be  made  for  all  heating  and  cooking  apparatus,  not 
only  for  that  which  is  decided  upon,  but  for  all  that  is  liable 
to  be  required. 

Service  pipes  should  never  be  less  than  }  inch  in  diam- 
eter, because  of  the  liability  to  chokage,  and  it  is  advisable 
to  make  the  diameter  at  least  1  inch  if  the  pipe  is  of  iron. 
For  small  cook  stoves,  the  supply  pipe  should  be  at  least 
}  inch  in  diameter,  and  larger  stoves  should  have  pipes  1  to 
1^  inches  in  diameter. 

In  computing  the  quantity  of  gas  required  for  lighting 
purposes,  one  burner  may  be  reckoned  as  consuming  6  cubic 
feet  of  gas  per  hour,  unless  otherwise  stated  in  the  specifi- 
cations. The  quantity  actually  required  by  burners  of 
modern  and  improved  construction,  however,  differs  so 
much  from  that  of  the  common  forms  that  it  is  imprac 
ticable  to  compute  the  volume  of  gas  required  by  merely 
noting  the  number  of  burners. 

Having  ascertained  the  probable  maximum  quantity  of 
gas  required  in  cubic  feet  per  hour,  the  necessary  diameter 
of  the  pipe  can  be  found  from  Table  41.  If  the  length  of 
the  proposed  pipe  exceeds  the  maximum  length  given  in  the 
table,  then  the  diameter  chosen  should  be  the  next  size 
larger.  Considerable  judgment  is  required  in  using  this 
table.  For  instance,  suppose  that  550  cubic  feet  of  coal  gas 
are  required  to  be  delivered  in  one  hour  through  a  pipe 
100  feet  long,  we  find  that  IJ-inch  pipe  would  be  large 
enough,  because,  while  the  quantity  to  be  delivered  is 
50  cubic  feet  in  excess  of  that  given  in  the  table,  the  length 
of  the  pipe  is  50  feet  shorter  than  the  maximum  length 
allowed.  If  the  pressure  of  gas  exceeds  2  inches  of  water, 
the  principal  pipes  may  be  reduced  in  diameter  one  size. 
If  the  pressure  is  less  than  one  inch  of  water,  then  all  the 
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pipes  must  be  made  one  size  larger,  and  in  case  of  very  long 
pipes,  or  very  low  pressure,  say  about  .5  to  .8  inch  of 
water,  the  diameter  will  require  to  be  increased  still  more. 

When  carbureted  air,  or  sa»oline  gas,  is  used,  no  dis- 
tributing pipe  should  be  less  than  f  inch  in  diameter. 

The  use  of  the  table  is  shown  by  the  following : 

Example. — What  diameter  of  pipe  should  be  used  to  supply  three 
ordinary  burners,  the  lengih  being  60  feet  ? 

Solution. — The  quantity  consumed  will  be  3  X  5  =  l**)  cu.  ft.  per 
hour.  The  table  shows  that  f-inch  pipe  can  be  depended  uj)on  to  de- 
liver that  quantity  of  gas  at  a  distance  of  20  feet  only ;  therefore,  it 
will  not  serve  properly  to  carry  60  feet.  The  J-inch  pipe  is  evidently 
too  large ;  therefore,  the  intermediate  size — ^  inch  in  diameter — may 
be  used.    Ans. 

TABLE    41. 


CAPACITY    OF    GAS    PIPES. 


Diameter 

Maximum 
Length. 

Capacity  per  Hour. 

of  Pipe. 

Coal  Gas. 

Gasoline  Gas. 

Inches. 

Feet. 

Cubic  Feet. 

Cubic  Feet. 

i 

6 

10 

f 

20 

15 

10 

i 

30 

30 

20 

i 

50 

100 

75 

1 

70 

175 

125 

H 

100 

300 

200 

n 

150 

500 

350 

2 

200 

1,000 

700 

H 

300 

1,500 

1,100 

3 

450 

2,250 

1,500 

4 

600 

3,750 

2,500 

The  pressure  of  the  gas  is  assumed  in  the  foregoing  table 
to  be  about  two  inches  of  water.  It  should  be  understood 
that  the  quantities  given  are  those  which  the  pipes  will 
deliver  at  the  burners  without  objectionable  fail  of  pressure. 
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PIPB  FITTING. 

1090*  The  proper  methods  of  cutting,  bending,  and 
threading  pipes,  together  with  the  proper  modes  of  jointing 
and  supporting  them,  are  fully  explained  in  Arts.  091  to 
605»  739  to  746»  783  to  707»  and  809  to  825,  and  it 

is  unnecessary  to  add  anything  to  the  instructions  there  given. 
It  should  be  borne  in  mind,  however,  that  the  tightness  of 
all  screwed  joints  should  depend  upon-  the  perfection  of  the 
screw  threads,  and  not  upon  any  red  lead  or  cement  that 
may  be  used  in  closing  the  joint.  Therefore,  all  threading 
tools  should  be  kept  sharp  and  in  strictly  good  order  at  all 
times. 

In  Guttinn:  tlireads  on  small  pipes  at  the  pipe  vise,  the 
pipe  should  not  project  any  further  than  is  necessary  to  give 
elbow  room  while  working  the  dies,  because  the  further 
away  the  dies  are  from  the  vise,  the  greater  is  the  torsional 
stress  upon  the  pipe,  and  the  more  liable  it  is  to  be  strained 
or  split  in  the  butt-welded  joint. 

It  is  customary  to  cut  and  thread  all  the  pipes  required 
for  an  ordinary  building  upon  the  premises  where  they  are 
used,  and  to  do  the  work  exclusively  with  hand  tools.  A 
great  saving  of  labor  and  time  can  be  made  by  doing  this 
work  in  the  shop,  leaving  only  the  crooked  or  special  fit- 
ting to  be  done  by  hand.  If  the  working  plans  are  made 
with  reasonable  accuracy,  there  will  be  no  difficulty  in  pre- 
paring the  pipes  and  fittings  at  the  shop,  so  that  they  may 
be  put  into  their  places  in  the  building  and  screwed  together 
with  entire  success. 

In  screivliiK  pipes  together,  or  into  fittings,  the  pipe 
should  be  gripped  as  close  to  the  fitting  as  practicable  so 
as  to  prevent  the  pipe  from  being  split  by  twisting. 

After  pipes  are  cut  and  threaded,  each  piece  should  be 
closely  inspected  to  see  whether  it  is  free  from  cracks  or  splits, 
and  to  see  whether  its  length  conforms  to  the  drawing. 


DRAINAGB  OF   I'IPES. 

1091.     Illuminating  gas  nearly  always  contains  a  small 
percentage  of   watery  vapor,  and  this  condenses  upon  the 
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I  Interior  of  the  pipe.  The  water  of  condensation  will  flow 
I  to  the  lowest  point  in  the  pipe,  and  if  no  provision  is  made 
I  for  its  removal,  it  will  accumulate  to  such  an  extent  as  to 
3  the  passage  and  stop  the  flow  of  gas.  Therefore,  all 
[  horizontal  pipes,  unless  very  short,  must  be  so  inclined  that 
I  they  will  drain  properly.  All  the  branches  of  a  riser  must 
I  be  inclined  to  drain  back  into  it,  or,  if  the  branch  be  very 
I  ''*"K.  i'  ""^y  he  inclined  so  as  to  drain  into  a  drip  cup  at 
I  some  intermediate  point.  Usually  the  whole  system  of 
I  h'lHse  pipes  is  arranged  to  drain  back  into  a  drip  cup  al  the 
I  meter.  In  Fig.  nS8,  D  indicates  a  ilrlpeupi  or  •tlphnn.  to 
I  receive  the  water  from  the  service  pipe  C,  and  /and  A'  are 
I  drip  cups  for  the  two  house  pipes. 

Drip  cups  must  always  be  located  at  some  point  where 
f  they  can  be  got  at  and  emptied  without  difficulty. 

Gas  pipes  composed  of  lead  or  other  soft  metal  must  be 
I  guarded  against  sagging  by  running  them  upon  a  ledge  or 
I  shelf.  Every  sag  operates  as  a  pocket  to  collect  water,  and 
I  if  the  depression  of  one  of  the  sags  equals  the  diameter  of 
the  pipe,  the  accumulation  of  water  will  eventually  choke 
[  the  pipe  and  stop  the  flow  of  gas. 

GAS-FITTRRS*    PLANS. 

1002.     The  location  of  gas  fi.\tures  is  generally  indi- 

Seated  on  the  architect's  plans  by  a  star,  thus  •,  and  the 

I  number  of  burners  on  each  fixture,  together  with  the  height 

fcpf  the  fixture  above  the  floor,  is  stated  in  the  specificaliims. 

To  facilitate  the  work  of  running  the  pipes  and  of  estima- 

ting  their  proper  sizes,  the  gas-litter  should  make  plans  of 

I  piping  on    each   floor.     An  nutHne  tracing  should   be 

de  of  each  floor  uf  the  building  from  the  architect's  plans. 

\  these  should  be  noted  the  positi"n  uf  each  fixture  and  its 

t  from  the  floor,  and  the  number  of  burners  required 

ffor  each  one. 

The  number  of  burners  and  the  kind  of  fixture  may  be 

Conveniently  indicated  by  the  symbols  shown  in  Fig.  383. 

,  B,  and  C  represent  aide  lights  or  brackets  having  1,  2, 

1  3  lights,  respectively,  each    large  dot   representing  a 
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respect-       I 


burner.     In  a  similar  manner,  D,  E,  F,  G,  H,  and  / 

sent  drop  lights  having  1    i,  3,  4,  fi   and  6  liumeri 

+      *      ^ 

Fto,    SU. 

ivcly.  The  manner  of  using  these  symbols  ia  exemplified 
by  the  plans.  Figs.  385  and  38(i. 

The  horizontal  piping  should  be  indicated  by  plain  black 
lin<!s,  and  eiich  floor  plan  should  show  only  those  pipes 
which  aro  in  hv  ;u'lually  run  in  the  floor  of  that  story,  ..r 
upon  the  nndcr  side  of  it. 

Tho  ])oints  at  which  risers  or  drop  pipes  are  to  be  con- 

<p_  '^ft>  .  .^^    % 


"5^^        V  5^5"  l^^P® 
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nected  to  the  horizontal  pipes  should  be  indicated  as  sfaova 
in  Fig.  3R+.  Thus,  an  x  at  J  indicates  that  a  drop  pipe 
descends  from  that  point,  and  a  O  at  i^  indicates  that  a  riser 
ascends  from  that  point.  A  O  and  x ,  combined  as  at  /,  in- 
dicate that  the  vertical  pipe  extends  both  above  and  below. 
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At  m  is  indicated  a  drop  pipe  ieading  to  ;i  bracket  nr  side 
light  having  two  burners. 

The  length  of  each  pipe  should  be  figured  from  center  to 
Center  of  fittings,  and  the  diameter  should  be  written  close 
to  the  figures  indicating  the  length.  Thus,  the  pipe  be- 
tween /and  k  h  shown  to  be  IJ  inches  in  diameter  and  « 
feet  3  inches  between  centers  of  fittings. 

The  length  of  each  riser  or  drop  pipe  should  be  similarly 
indicated  by  figures  placed  near  the  symbol,  and  connected 
to  it  by  a  light  hue;  thus,  aty  we  have  a  drop  pipe  ^  inch 
in  diameter,  descending  4  feet  0  inches  to  center  of  fitting; 
Bt  k  we  have  a  riser  J  inch  in  diameter,  ascending  8  feet  3 
Inches;  at  /we  have  a  riser  1^  inches  in  diameter,  ascend- 
ing 3  feet  -i  inches,  and  a  drop  pipe  1  inch  in  diameter, 
descending  8  feet  2  inches. 

In  order  to  show  which  figures  belong  to  the  drop  pijK; 
at  /,  it  is  necessary  to  place  a  x  before  them,  as  shown. 
Where  figures  arc  crowded,  it  is  advisable  to  draw  a  O 
around  the  figures,  indicating  diameters  of  pipes,  in  order 
to  clearly  distinguish  them  from  all  others. 

If  any  of  the  vertical  pipes  require  to  be  offset  or  bent  to 
pass  around  obstructions,  etc.,  or  a  horizontal  pipe  requires 
run  along  a  wall  at  a  height  between  the  floor  and  the 
{Belling,  a  reference  letter  should  be  placed  conspicuously  at 
Utat  point,  and  a  corresponding  note  made  upon  the  margin 
}  the  drawing.  A  diagram  of  the  special  pipe  required 
Ehould  be  made  and  attached  to  the  drawing. 

Gas-fitters'  plans  are  sometimes  made  in  perspective;  but 
f  the  work  is  at  all  complicated,  the  drawing  is  likely  to  be 
ery  confusing,  especially  if  the  draftsman  is  a  little  unskilful. 

The  plan  recommended  above  has  the  advantage  that 
Ibverii]  sets  of  piping  for  various  purposes  may  be  indicated 
|K>il  the  same  drawing.     Thus,  pipes  for  gas,  steam,  and 

Iter,  and  tubing  for  electric  wires  may  be  shown  by  using 
ifferently  colored  inks  for  the  various  systems  of  pipe, 

1093.     Fig.  385  shows  the  first  floor  plan  of  a  common 

ro-8tory  and  basement  dwelling  house.  The  second  story 
A  is  shown  in  Fig.  386.     These  figures  are  supposed  to 
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represent  tracings  from  the  architect's  drawings  with  the 
gas  piping  drawn  in. 

The  meter  a  is  placed  in  the  basement^  and  all  the  piping 
shown  on  this  plan  is  run  along  or  under  the  basement  ceil- 
ing, except  by  which  is  a  f -inch  horizontal  branch  to  supply 
the  lavatory  bracket  from  a  f-inch  riser  c^  run  from  the 
basement  to  the  brackets  on  the  stair  landing  above.  A 
distributing  main  d  runs  directly  from  the  meter  outlet  to 
the  riser  r,  and  all  the  branches  which  supply  gas  to  the 
brackets  of  the  first  floor,  also  the  basement  lights,  are  taken 
from  this  pipe. 

The  chandeliers  or  pendants  which  illumine  this  floor  are 
supplied  with  gas  from  the  pipes  shown  in  Pig.  386.  These 
pipes  run  under  the  floors  and  across  or  between  the  joists. 
They  also  supply  all  brackets  which  illumine  the  second  floor. 

The  pipes  are  all  proportioned  to  give  an  abundant  supply 
of  gas  to  the  entire  building  when  all  the  jets  are  burning 
at  the  same  time.  They  are  also  all  laid  to  pitch  back 
towards  the  meter,  where  a  drip  cup  may  be  placed.  The 
piping  in  Fig.  380  is  so  arranged  that  no  floor  joists  will  be 
cut  at  a  greater  distance  than  2  feet  from  a  point  of  support. 
The  joists  all  run  from  front  to  rear  of  the  building. 

There  are  many  other  ways  of  running  the  pipes  for  this 
work,  but  the  drawings  show  a  method  probably  as  good  as 
any. 

1094.  If  the  location  of  the  pipes  is  not  shown  by  the 
architect,  then  the  gas-fitter  must  use  his  own  judgment  in 
determining  their  position.  He  should  be  governed  by  the 
following  considerations: 

1.  The  pipes  should  run  to  the  fixtures  in  the  most  direct 
manner  practicable. 

2.  The  pipes  must  be  graded  to  secure  proper  drainage, 
without  excessive  cutting  of  floor-beams  or  otherwise  dam- 
aging the  building. 

3.  Pipes  which  run  crossways  of  floor-beams  should  be 
kiid  not  more  than  one  foot  away  from  the  wall,  so  as  to 
ft  void  serious  injury  to  the  floor,  as  explained  in  Art.   (|39y 
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•iithur  than  by 


'         4.  Fiitures  should  be  supplied  by  i 
•Jrop  pipes,  as  far  as  practicable. 

5.  All  pipes  should  be  located  where  they  can  be  got  at 
for  repairs  with  the  least  possible  damage  to  the  floors  or 

^^^^1  CONNBCTIONS  TO   BTKEBT    MAINS. 

^^^^P&5>     The  pipes  which  convey  the  gas  from  Lho  mains 
I    into  the  building,  commonly 

called  service  pipes,  should  be 

connected  to  the  top  of  the 

main  as  shown  in  Fig,  a87, 

and  not  to  the  side  or  bottom 

of  the  pipe.     They  should  be 

inclined    so    that    they    will 

drain  into  the  main.    If  that 

can  not  be  done,  then   thej 

shouldbeinclined  towardsthe 

building,  and  should  be  pro 

vided  with  a  suitable  drip  L up 

from  which  the   wattrr  m.i\ 

be  conveniently  drawn  oif 
A  shut-off  cock  shuuld  Ijc 

placed  in  every  service  pipe 

at  the  curb,  and  this  shi)uld 

be  enclosed  in  a  suitable  box 

extending    upwards    to    the 

surface  of  the  pavement,  and 

closed  against   the  entrance  of  dirt, 

tight  cover. 

The  hole  in  the  wall  through  which  the  service  pipe  en- 
ters the  cellar  or  basement  should  be  larger  than  the  pipe. 

so  that  the  settlement  or  shifting  of  the  ground  outside  will 

not  cause  the  pipe  to  bind  or  strain  in  the  hole. 

COKtNBCTIONS  TO  METIERS. 

1096.  The  connection  from  the  meter  to  the  service 
pipe  and  also  to  the  house  pipe  should  be  made  with  lead  <>r 
Other  soft  metal  tubing,  as  showd  at  /,  Fig.  3ati.     These 
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connections  will  bend  and  relieve  the  couplings  on  the  meter 
from  injurious  strains  in  case  the  pipes  expand  or  contract, 
or  are  displaced  by  the  settlement  of  the  building,  etc. 


Meters  arc  usually  set  upon  a  shelf,  but  this  is  not  neces- 
sary unless  the  meter  is  large  and  heavy.  If  the  meter  is  of 
the  «'(7  variety,  then  it  must  be  supported  upon  a  shelf,  and 
the  shelf  must  be  carefully  leveled  both  lengthways  and  cross- 
ways.  The  tfrjr  im/irs  miw  in  common  use  do  not  require 
leveling  in  order  to  work  properly,  but  they  should  always  be 
set  plumb  for  the  sake  of  appearance,  and  as  a  matter  of 
godd  workmanship. 

A  single  service  pipe  may  siip])ly  two  or  more  systems  of 
distributing  pipes,  as  shown  in  Fin.  -i^^i^-  Each  meter  must 
be  proviiled  with  a  shut-<ilT  cock,  as  at  //  and  6",  and  drip 
cups  should  be  attached  U>  each  line  of  house  ])ipes,  as  at  / 
and  A".  The  service  pipe  should  also  have  a  dri|i  cup,  as 
shown  at  />,  unless  it  is  inclined  so  as  to  drain  into  the  street 
main.    If  several  meters  are  used  in  the  same  building,  they 
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lould  be  placed  upon  a  shelf,  in  one  group  if  practicable, 
id  al!  of  the  connections  should  be  made  exactly  alike,  so 
i  to  present  a  neat  and  orderly  appearance. 
When  gas  is  used  for  fuel  in  addition  to  lighting,  it  is 
ten  required  that  the  two  supplies  be  measured  sepa- 
itely,  in  order  to  determine  the  actual  expense  for  each 
jrpose.     Some  gas  companies  furnish  gas  for  fuel  at  re- 

luced  rates  to  induce  consumers  to  put  in  cooking  appa- 
,   and  also  to  increase  the  sale  of  gas.      If  the  price 

if  gas  is  the  same  for  all  uses,  and  it  is  not  desired  to 
eep  a  separate  account  of  that  used  for  fuel,  then  one 
leter  is  sufficient  to  measure  the  entire  supply. 


OtinBR  OF  OPBHATIONS. 

1097.     The    proper    way  to  pipe  an  ordinary  building 
r  gas  is  as  follows: 

1.  The  gas-fitter  should  visit  each  floor  of  the  building 
rith  the  plans  in  hand,  and  should  mark  the  location  of 
ach  drop  to  a  hanging  fixture,  and  of  each  side  light  or 
iracket. 

Having  thus  acquired  a  clear  idea  of  the  location  of 
Bcb  fixture,  the  next  thing  to  be  decided  is  the  best 
oute  for  the  distributing  pipes.  If  there  are  other  pipes 
the  building,  for  water,  or  steam,  or  drainage,  care 
bould  be  taken  to  avoid  conflict  with  them,  and  the  risers 
or  gas  should  be  placed  along  with  the  other  risers,  un- 
{  they  are  at  an  inconvenient  distance  away.  Pipes  for 
he  various  purposes  of  heating,  lighting,  etc.,  should  not 
e  scattered  promiscuously  over  a  building,  but  they  should 
e  kept  together  as  much  as  practicable. 
3,  The  matter  of  drainage  should  next  be  considered. 
Each  branch  must  drain  back  into  its  riser,  and  the  whole 
system  should  drain  back  to  the  meter.  Long  branches 
which  run  crossways  of  the  floor-beams  should  be  avoided, 
Kause  the  notches  which  must  be  cut  in  the  beams  to 
the  necessary  drainage  become  too  deep,  and  are 
'  objectionable. 
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4  Working  plans  of  the  piping  on  each  floor,  like  Fig 
384,  should  next  be  made  for  use  at  the  pipe  vise.  The  pro- 
posed route  for  each  pipe  should  then  be  inspected  to  see 
whether  the  pipes  can  be  got  into  place  without  difficulty, 
and  whether  right  and  left  connections  are  required,  and,  jf 
so,  where  they  must  he  placed. 

5.  The  roads  for  the  various  pipes  should  next  be  marked 
off,  taking  the  carpenter  along  and  explaining  to  him  the 
depth  to  be  given  to  the  notches,  etc.,  and  he  should  be  fully 
instructed  where  and  how  to  build  the  supports  for  the  hang- 
ing fixtures.  If  the  walls  are  of  brick,  the  necessary  pockets 
for  rising  pipes,  if  any,  should  be  marked  off,  and  the  pro] 
places  for  cutting  holes  through  the  walls,  etc.,  should  bc 
carefully  marked  and  shown  to  the  mason, 

1098.  Leaving  the  carpenter  or  mason  to  prepare  Lbt 
roads  for  the  piiies,  work  may  be  begun  by  setting  up  tlu 
pipe  vise  and  getting  the  tools  ready. 

Each  piece  of  pipe  should  then  be  inspected  to  see  whetbel 
it  is  free  from  obstruction  and  dirt.  The  several  pieces  t 
pipe  are  then  cut  and  threaded  according  to  mcasuremenls 
on  the  workmg  plan,  and  the  fittings  screwed  on  while 
pipe  is  in  the  vise.  The  various  pi[jes  should  then  be  car- 
ried to  their  respective  floors,  and  laid  in  convenient  places. 

Erection  may  be  begun  by  fitting  up  the  main  riser.  The 
various  branches  should  then  be  extended,  working  alway; 
from  the  riser  towards  the  outlets.  Cement  or  red  leai 
should  be  used  very  sparingly,  and  care  should  be  taken 
that  no  lumps  or  clots  of  it  run  down  into  the  inside  of  thS 
pipes. 

Elbows,  T's,  and  other  fittings  should  stand  clear  from 
the  studding  and  joist,  whenever  practicable,  so  that  all  the 
joints  may  be  accessible  for  the  purpose  of  testing. 

Changes  in  the  direction  of  small  pipes  should  be  made  by 
bending  the  tube,  if  practicable,  instead  of  using  an  elbow. 
Elbows  and  other  fittings  to  which  side  lights  or  bracket 
are  attached  should  Ik;  provided  with  flanges  or  lugs,  an 
should  be  firmly  secured  with  screws  to  solid  woodwork,  i 
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le  of  brick  walls,  to  wooden  plugs  driven  into  holes 
killed  in  the  wall,  or  to  wooden  blocks  imbedded  in  the 
Slrall  for  thai  purpose,  so  that  the  fixture  will  not  wabble. 

The  nipple  for  a  side  light  or  bracket  should  project  from 

iie  wall  at  a  Irue  right  angle  to  a  distance  of  not  less  than 

\  inch,  and  not  more  than  IJ  inches.     The  nipple  should  be 

ewed  tightly  into  the  fitting,  and  a  cap  should  be  screwed 

1  the  outer  end  of  it.     This  cap  should  be  screwed  up  with 

Bonly  a  moderate  force,  so  that  it  can  be  easily  removed  at 

■  any  time  without  danger  of  loosening  the  nipple  from  the 

I  fitting. 

Drop  nipples,  which  are  to  support  chandeliers  or  other 
I  banging  fixtures,  should  hang  perfectly  plumb,  and  in  case 
\  flat  ceiling  should  project  from  }  inch  to  I^  inches  from 
Ithe  surface.  If  ornamental  center  pieces  of  plaster,  etc., 
I  are  to  be  used,  the  necessary  extra  length  of  the  nipple 
(should  be  ascertained  from  the  architect  or  contractor. 

108f)>     The  proper  mode  of  supporting  a  hanging  fixture 
I  is  shown  in  Fig,  389,     The  weight  of  the  fixture  is  carried 


B  wooden  block  a,  which  must  be  made  strong  and  be 

^1  secured  to  the  joists  h,  />.     The  lower  block  c  serves  to 

i  the  drop  piece  t/and  prevent  it  from  swinging  in  any 
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direction.  Care  should  be  taken  to  make  the  drop  piece 
perfectly  plumb. 

When  the  nipples  or  drops  for  the  fixtures  are  all  in  place, 
they  should  be  tested  to  determine  if  they  are  square  with 
the  wall.  This  may  be  done  by  attaching  a  straight  piece 
of  pipe  a  foot  or  so  long  to  which  the  square  and  level  may 
be  applied,  or  a  plumb-bob  may  be  used. 

The  gas  pipes  should  be  placed  in  a  new  building  as  soon 
as  the  walls  are  up  and  the  rough  timbers  of  the  floors  and 
partitions  set,  but  before  the  floors  are  laid  or  the  lathing 
done.  When  a  gas  pipe  runs  parallel  with  the  floor  boards, 
as  shown  at  r  in  Pig.  389,  the  board  which  covers  it  should 
have  the  lower  flange  of  the  groove  removed,  so  that  it  can 
be  readily  taken  up  when  desired.  If  the  pipe  runs  cross- 
ways  of  the  floor  boards,  a  loose  piece  should  be  provided  in 
the  floor  over  every  principal  elbow  or  T,  so  that  they  can 
be  got  at  easily  in  case  of  repairs  or  leakage.  The  loose 
boards  and  covers  should  be  fastened  in  place  with  ^-inch 
screws.  Brass  screws  are  frequently  used  for  that  purpose, 
as  they  will  not  rust. 

EXPOSED  PIPES. 

1  lOO.  Gas  pipes  should  not  be  exposed  to  the  weather, 
if  possible  to  avoid  it,  and  care  must  be  taken  to  protect 
them  from  freezing  winds  or  air  currents.  The  moisture 
will  condense  upon  the  interior  of  the  pipe  and  form  ice, 
and  the  deposit  will  increase  in  thickness  until  the  pipe 
becomes  choked.  Exposed  pipes  should  be  covered  with 
hair  felt  or  other  good  non-conducting  material,  which 
should  be  made  thoroughly  water-proof  by  a  covering  oi 
painted  canvas.  Good  protection  is  especially  necessary 
if  the  pipe  contains  carbureted  air  or  gasoline  gas. 

Iron  ^RS  pipes  should  not  be  allowed  to  touch  lead  pipes 
or  electric  wires  which  run  crosswavs  or  near  them, 
because  the  continual  shifting  caused  by  changes  in  tem- 
perature will  ultimately  wear  a  groove  or  thin  spot  in  the 
softer  pipe,  and  the  insulation  of  the  electric  wire  will  be 
cut  through,  thus  making  a  **  ground"  or  **  short  circuit." 
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I  If  a  metal  pipe  runs  within  two  inches  of  an  electric  wire, 
rihey  should  be  separated  by  a  non-conductor  of  some 
Hescripiion.  For  example,  the  pipe  may  be  wrapped  with 
Hour  or  five  layers  of  rubber  tape. 

TESTING    A    SYSTEM    OF    PIPES. 

1  1  Ol .     As  soon  as  the  pipes  are  all  in  place  and  are  pro- 

lerly  secured,  the  system  should  be  tested  to  find  whether 

is    perfectly   gas-tight.      The    instruments    required   for 

laking  the  test  are  described  in  Arts.  1071  and  1072. 

L  convenient  nipple   should   be  selected  for  making  an 

Attachment  to  the  proving  pump;  and  every  other  nipple 

md  open  end  should  be  tightly  closed  by  screw -caps.      Plugs 

fflriven  into  the  ends  of  pipes  will  not  answer  the  purpose. 

The  pump  and  pressure  gauge  may  then   be   connected 

bo  the  system    and    made  tight.      Air  should  be  forced  in 

Itanttl    the  gauge  indicates  15  or  20  inches  of  mercury,  or 

t  to  10  pounds  per  square   inch   if  the  mercury  column  is 

SDpcn  to  the  atmosphere  on  top.     The  pump  should  then  be 

Ihut  off,  leaving  the  gauge  under  pressure,     If  the  mercury 

lemains  stationary  in  the  glass  for  live  minutes,  or  if  the 

ioltimn  of  mercury  does  not  fall  more  than  1  inch  per  hour 

I  either  of  the  gauges   shown  in  Figs.   371  and  '■i7'2,   the 

IJrstem   may  be  considered   satisfactorily    light.     In   large 

s  a  fall  of  i  inch  per  hour  should  be  the  limit. 

The  extent  of  the  leak  may  be  judged  by  the  rapidity 

f  the  fall  in  pressure,  but  its  location  must  be  found  by 

;nse  of  smell. 

:  this  purpose,  a  small  quantity  of  ether  should  be  in- 
duced into  the  pipes.  The  pressure  gauge  may  be  pro- 
i  with  an  ether,  cup  especially  for  testing  purposes; 
f  it  is  not,  a  T  and  plug  should  be  provided  to  receive 
I  ether.  The  ether  may  then  be  poured  directly  into 
.  and  the  plug  replaced  as  quickly  as  possible.  The 
sure  should  then  be  pumped  up  as  before.  The  odor 
'  the  ether  will  diffuse  throughout  the  system  of  piping 
i  will  escape  from  the  leak ;  thus  the  location  of  the  leak 
S  revealed  by  the  smell  of  ether. 
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1 1 02*  To  locate  the  leak,  it  is  nedessaiy  td  <:areMly 
examine  the  pipe  system,  smelling  each  joint  and  suspected 
pipe  or  fitting.  When  a  sUspicidus  place  is  found*  it  should 
be  daubed  over  With  a  thick  solution  of  soap,  and  if  any  ait 
is  escaping  at  that  point  it  Will  show  itself  by  blowing  soap 
bubbles. 

Every  leak  that  can  be  detected  should  be  marked  with 
chalk,  and  the  pressure  may  then  be  let  off.  All  defective 
pipes  or  fittings  should  be  removed  and  replaced  with  per- 
fect ones.  Patching  should  never  be  permitted  in  first-class 
buildings.  Gas-fitters'  cement,  which  is  so  commonly  used 
for  patching  up  poor  fittings,  is  only  a  coarse  grade  of  seal- 
ing wax,  and  is  not  a  proper  material  for  closing  up  leaks  in 
gas  pipes  or  fittings. 

If  fittings  are  cracked,  they  should  in  all  cases  be  re- 
moved. Cracked  or  split  pipes  should  always  be  removed; 
it  is  useless  to  try  to  patch  them. 

After  making  all  required  changes,  the  pressure  should 
again  be  applied,  the  test  being  repeated  until,  with  a 
pressure  of  at  least  15  inches  of  mercury,  the  gauge  will 
show  the  system  to  be  satisfactorily  tight.  The  gas-fitter 
should  aim  to  have  the  mercury  remain  perfectly  stationary 
for  an  hour  or  more;  and  on  a  really  high-class  piece  of 
work,  the  mercury  column  should  stand  all  night  without 
showing  any  appreciable  fall  in  the  morning. 

In  case  of  large  buildings,  it  is  advisable  to  test  the 
piping  in  sections,  say  one  floor  at  a  time,  since  in  this  way  it 
is  much  easier  to  locate  leaks.  After  each  section  is  tested, 
they  may  be  connected,  and  then  subjected  to  a  final  test. 

The  pipes  should  not  be  covered  until  the  tests  are  com- 
pleted. Usually  the  gas  companies  or  the  city  authorities 
require  that  the  testing  be  done  in  the  presence  of  their 
inspector.  If  no  such  regulations  are  in  force,  then  the 
owner  or  architect  should  witness  the  tests,  so  as  to  avoid 
any  possible  disputes. 

1103.  Ether  is  a  dangerous  fluid  to  handle,  because 
its  vapor  is  very  volatile  and  explosive.     Lighted  cigars, 
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I.pipes,  etc.,  must  be  removed  from  the  vicinity  of  the  ether 
Ebottle  to  prevent  explosion.  Great  care  must  be  taken  to 
Bavoid  spilling  any  ether  nn  the  hands  or  clothes,  because  if 
e  odor  Is  thus  set  free  in  the  building,  it  will  be  ditRcuIt 
Ito  detect  leaks  in  the  pipes.  Other  substances  may  be  used 
which  are  free  from  the  danger  of  fire,  such  as  the  essential 
%ftil  of  peppermint  (not  the  "essence"),  but  they  are  nut  so 
rolatile  and  do  not  diffuse  throughout  the  pipes  so  readily. 

1104.     The  provlnfc  pump  is  shown  in  Fig.  300.     It 
B  a  single-acting  piston  pump,  having  an  inlet  valve  at  the 


Kittom  which  admits  air  under  the  piston,  and  an  outlet  or 
ik-valve   at   b.     The   socket  a  of   a  special   bracket   is 
btached  to  a  nipple   on  the   pii>e   system  which    is  to  be 
The  pump  is  connected  to  the  bracket  by  means  of 
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a  stout  rubber  hose  r,  which  must  be  wired  on  to  the  coup- 
ling tails  to  prevent  it  from  being  blown  off  by  the  air 
pressure.  The  cock  e  serves  to  connect  or  shut  off  the 
pump  from  the  pipe  system,  but  does  not  shut  off  the  gauge. 
The  ettier  cup  consists  of  a  small  funnel  on  the  bracket  at 
d^  which  is  closed  by  a  thumb-screw.  This  is  for  the  pur- 
pose of  introducing  ether  to  make  a  pungent  odor  in  the 
interior  of  the  pipes.  The  pressure  is  shown  by  a  mercurial 
gauge  /,  by  a  common  steam  gauge  g^  or  by  the  gauge 
shown  in  Fig.  372. 

The  mercury  column  is  to  be  preferred  to  the  steam 
gauge,  because  its  operation  is  positive  at  all  times,  and  it 
always  indicates  the  true  pressure  in  the  system. 

Steam  gauges,  or  other  contrivances  fitted  with  mechani- 
cal action,  are  not  perfectly  reliable  pressure  indicators; 
the  moving  parts  are  liable  to  stick  fast,  and  slight  pressure 
variations  are  not  always  indicated  upon  the  dials. 


COMBUSTION    AND   LUMINOSITY  OF 

GAS. 

1 105.  Ordinary  illuminating  p^as  is  a  mixture  of  several 
compounds  of  carbon  and  hydroii^cn^  which  vary  somewhat 
in  their  composition.  The  process  of  combustion  con- 
sists in  the  decomposition  of  these  compounds  by  means  of 
heat,  and  the  formation  of  new  compounds  by  combining 
the  carbon  and  hydrogen  separately  with  oxygen.  The 
carbon  and  oxygen  unite  and  form  carbon  dioxide  (also 
called  carbonic  acid),  which  is  usually  indicated  by  the 
symbol  CO,.  The  hydrogen  and  oxygen  unite  and  form 
"W'atery  vapor,  indicated  by  the  symbol  H,0.  A  large 
amount  of  heat  is  given  off  during  the  formation  of  these 
compounds;  but,  owing  to  the  mixed  composition  of  ordi- 
nary illuminating  gas,  it  is  somewhat  difficult  to  calculate 
the  heat  developed  by  its  combustion. 

1 106.  If  the  composition  of  the  gas  is  known,  and  the 
actual  weight  of  a  given  quantity  can  l)e  ascertained,  then 
the  heat   may  he  computed   by  assigning  to  each  pound  of 
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Sombustible  substance  the  amounts  given  in  the  follfiwing 

able: 

Heat  Units. 

j'Hydrogen,  burned  to  water,  H,0 62,000 

^Carbon,  burned  to  carbon  dioxide,  CO, 14,500 

I  Carbon,  burned  to  carbon  monoxide,  CO 4.400 

J-Carbon  monoxide,  burned  to  carbon  dioxide,  CO,. .   10,100 

Before  gas  can  be  burned,  its  temperature  must  be  raised 
ItO  the  point  of  ignition.  A  part  of  the  heat  produced  by 
Ecombustion  is  always  absorbed  in  thus  preparing  the  told 
Lgas  and  air  for  burning.  Combustion  is  not  instantaneous 
Tin  any  case,  because  an  appreciable  interval  of  time  is 
lalways  required  to  bring  the  gas  and  air  up  to  the  required 
■temperature. 

1107.     The  temperature  of   a  gas  flame  varies  ac- 

airding   to   the   amount  (if  combustion  which    takes  place 

within  a  given  space  and  time,  and  also  upon  the  tempera- 

Vfureof  the  gas  and  air  at  the  moment  of  entering  the  burner. 

Thus,  if  the  size  of  a  fiame  be  reduced,  the  amount  of 
^mbustion  remaining  the  same,  the  temperature  will  be 
wrrespondingly  augmented. 

If  a  jet  of  gas  be  ignited  in  the  ordinary  atmosphere,  the 
lame  will  spread  out  until  the  surface  presented  to  the  air 
Wcomes  large  enough  to  take  up  the  o.tygen  required  for 
fombustion  with  sufficient  rapidity  to  consume  the  gas  as 

s  it  issues  from  the  burner. 
*  The  surface  of  the  flame  thus  extended  is  so  large  in  pro- 
tortion  to  the  quantity  of  gas  actually  burning  that  the 
ieat  is  radiated  and  imparted  to  the  surrounding  air  with 
treat  rapidity,  and  the  temperature  of  the  flame  is  low  in 
bnsequence. 
I  If  the  flame  be  a  large  one,  some  of  the  gas  will  become 

Kjled  below  the  point  of  ignition  before  it  can  secure  the 
gtygen  necessary  for  combustion,  and  will  fail  to  burn, 
lie  gas  thus  unburned  is  not  only  wasted  and  lost,  but  it 
felngles  with  and  poisons  the  air  of  the  room  in  which  the 
ner  is  used. 
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The  temperature  of  a  gas  flame  may  be  increased  by 
placing  a  chimney  over  or  around  the  flame.  The  supply 
of  oxygen  is  thus  increased  by  the  draft,  and  the  sise  of  the 
flame  is  reduced ;  or,  if  the  supply  of  gas  be  increased,  a 
greater  amount  may  be  burned  in  the  same  space. 

Another  method  which  is  very  effective  is  to  mix  the  gas 
with  the  air  required  for  combustion  before  burning  it.  Each 
particle  of  gas  is  thus  supplied  with  the  necessary  oxygen, 
and  it  burns  as  fast  as  the  temperature  can  be  raised  to  the 
point  of  ignition.  The  volume  of  the  flame  is  thus  reduced 
to  a  minimum,  and,  consequently,  the  temperature  is  raised 
almost  to  the  maximum.  The  burners  employed  for  this 
mode  of  combustion  are  called  atmonptierlc  bumera. 

When  the  air,  or  gas,  or  both,  are  heated  before  they  are 
burned,  the  heat  thus  imparted  is  added  to  the  ordinary 
heat  of  combustion,  thereby  increasing  the  temperature  of 
the  flame. 

When  the  pre-heating  of  the  air  or  gas  is  accomplished  by 
means  of  the  waste  heat  of  the  products  of  combustion,  the 
process  is  called  ref(eneratloii. 

This  process  is  extensively  used  for  producing  high  tem- 
peratures, and  for  lij^^hts  of  great  intensity.  The  mode  of 
applying  it  to  gas  lamps  is  shown  in  the  Wenham  and  Lebrun 
lamps,  Figs.  aiMj  and  397. 


LUMINOSITY   OF  GAS  FLAMES. 

1 108.  The  luminosity  of  flames  depends  upon  the  man- 
ner in  which  the  carbon  is  burned.  Thus,  when  gas  is 
burned  in  a  good  batswing  or  Argand  burner,  light  is 
emitted  profusely;  but  when  it  is  burned  in  an  atmospheric 
burner  the  flame  appears  pale  blue  and  almost  destitute  of 
light. 

In  order  to  understand  the  cause  of  the  great  difference 
in  luminosity  in  these  cases,  it  is  necessary  to  examine  the 
structure  of  the  llamcs  and  note  the  dilTerent  conditions 
under  which  the  carbon  is  burned.  Hydrogen  gives  off  an 
enormous  amount  of  heat  in  burning,  with  very  little  light. 
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It  serves  to  produce  light,  however,  by  heating  the  airlum 
frhich  accompanies  il,  to  incandescence. 

If  the  flame  of  a  candle  be  observed,  it  will  be  seen  to 
lonsist  of  four  parts,  as  shctwn  in  Fig.  391.      The  lowest  part 

is  of  a  bright  blue  color,  and  emits  very  little 
ight.  The  central  part  of  the  flame,  marked 
//,  is  composed  of  gas,  generated  from  the 
laterial  of  the  candle  by  heat,  and  it  is  dark  i 
ilored  or  transparent.  It  is  surrounded  by/ 
shell,  or  envelope,  of  yellow  luminous  flame, 
irhich  is  marked  C  and  //,(>.       Outside  of  this 

ithcr  layer,  marked   CO^.  which  consists  \ 
of  hot  gas,  and  is  almost  invisible. 

The  greater  part  of  the  oxygen,  which  moves  ^^3t:L 

Irom   the   surrounding    atmosphere    towards  | 

khe  interior  of  the  flame,  is  intercc]»ted  in  liir 

Outer  layer  of  hot  gas,  and  is  united  with  tl)i- 

carbon  which  escapes  outwards  from  the  hi-       nufwi. 

minous   layer,  thus  forming  CO,.     The  remainder  of  the 

ixygen  passes  inwards  into  the  luminous  layer  of  the  flame. 

[ere  it  encounters  the  hot  hydrocarbon  gas  which  is  pass- 

igf  outwards  from  the  central  space.     The  quantity  of  the 

lygen  is  not  sufficient  to  combine  with  both  the  hydrogen 

pd  the  carbon.     It  combines  with  hydrogen  easier  than 

rttb  carbon;  conseciuently,  the  hydrogen  is  taken  from  the 

ompound,  leaving  the  carbon  free  and  uncombined. 

The  intense  heat  generated   by   the   burning   hydrogen 

"ses  the  temperature  of  the  free  carbim  so  high  that  it 

Wmes  brilliantly  incandescent.      This  is  the  only  part  of 

(process  of  combustion  that  generates  light  of  any  con- 

[Uence.    This  incandescence  endures  only  while  the  carbon 

|Wssing  from  the  central  part  of  the  flame  ti>  the  outer 

-4  very  minute  interval  of  time. 


109>  The  luminosity  of  the  flame  is  thus  seen  to 
upon  the  momentary  existence  of  the  carbon  in  a 
of  entire  freedimi,  at  a  high  temperature,  under  cir- 
tanccs  which  deprive  it  of  oxygen.     The  moment  that 
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it  receives  enough  oxygen,  it  passes  into  carbon  dioxide,  and 
ceases  to  be  luminous.  Thus,  the  carbon  is  burned  only  in 
the  outer,  non*luminous  part  of  the  flame,  and  only  hydro- 
gen is  burned  in  the  luminous  part. 

Now,  when  gas  is  mixed  with  air  and  is  burned  in  an 
atmospheric  burner,  each  particle  of  carbon  is  accompanied 
with  enough  oxygen  to  convert  it  into  carbon  dioxide,  and 
the  hydrogen  is  similarly  provided  for.  They  burn  simul- 
taneously, the  hydrogen  forming  water,  H,0,  and  the  car- 
bon passing  directly  from  the  original  hydrocarbon  compound 
into  a  new  combination,  CO,.  It  is  not  for  a  moment  de- 
tached and  maintained  as  free  carbon,  as  in  the  candle  flame; 
consequently,  the  opportunity  to  become  incandescent  and 
luminous  never  occurs.  Therefore,  the  flame  of  an  atmos- 
pheric, or  Bunsen,  burner  emits  very  little  light. 

An  open  gas  flame  will  lose  much  of  its  luminosity  if  its 
surface  is  made  too  large.  When  the  pressure  is  too  high 
the  gas  is  projected  so  far  into  the  atmosphere  that  a  con- 
siderable part  of  it  finds  enough  oxygen  to  burn  its  carbon 
and  hydrogen  simultaneously,  as  in  a  Bunsen  flame.  All 
that  part  of  the  gas  which  burns  in  this  manner  fails  to  emit 
light  of  any  consequence. 

IIIO.  A  gas  flame  will  smoke  when  the  area  of  its 
outer  surface  is  so  small  that  it  can  not  take  up  oxygen  from 
the  atmosphere  with  sufficient  rapidity  to  oxidize  the  carbon 
as  fast  as  it  arrives  at  the  outer  surface  of  the  flame.  Only 
a  part  of  the  carbon  can  then  be  oxidized ;  the  remainder 
cools  below  the  point  of  ignition  and  passes  off  into  the  air 
as  suspended  carbon  or  smoke. 

The  trouble  may  be  remedied  by  increasing  the  area  of 
the  flame.  This  is  usually  accomplished  by  increasing  the 
pressure  of  the  gas.  An  artificial  draft,  such  as  made  by  a 
chimney  or  a  fan,  will  also  cure  the  smokiness  by  increasing 
the  supply  of  oxygen  to  the  flame. 

nil.  The  intensity  of  the  light  emitted  by  a  flame 
of  any  certain  kind  of  gas  depends  upon  the  area  of  the 
surface  of  the  flame,  and  upon  the  temperature  developed  by 
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the  combustion.  Thus,  if  we  compare  two  burners  which 
produce  flames  of  different  shcs  while  using  the  same  pres- 
sure and  volume  of  gas  per  hour,  it  will  be  found  that  the 
smaller  flame  will  emit  the  most  brilliant  light.  This  result 
is  due  to  the  decrease  of  luminous  surface  from  which 
light  is  radiated,  which  simply  means  a  more  rapid  surface 
combustion  per  unit  of  area. 

Again,  if  we  compare  two  flames  which  are  alike  except  in 
temperature,  it  will  be  found  that  the  hottest  flame  will  emit 
the  largest  volume  of  light. 

In  comparing  the  light  produced  by  burning  gases  of  dif- 
ferent compositions,  it  is  found  that  the  greatest  light  is 
afforded  by  the  gas  which  has  the  largest  amount  of  carbon 
in  proportion  to  its  hydrogen.  Thus,  acetylene,  which  has 
twelve  times  as  much  carbon  as  hydrogen  by  weight,  gives 
about  fifteen  times  as  much  light  as  an  equal  volume  of 
average  coal  gas. 

When  gas  is  mixed  with  air  before  burning,  the  color  and 
brilliancy  of  the  flame  undergo  a  great  change.  If  common 
illuminating  gas  is  used  and  the  maximum  proportion  of  air 
is  supplied  the  flame  will  be  very  small  and  pale,  having  a 
bluish  top  and  a  greenish  center.  But  when  the  air  supply 
is  scant,  the  flame  will  burn  with  a  dull  yellow  light,  and 
will  tend  to  smoke.  As  long  as  the  yellow  flame  can  be 
seen,  the  operator  may  be  certain  that  the  proportion  of  air 
is  too  small. 

Other  gases  give  characteristic  colors  when  burned. 
When  free  carbon  is  burned  to  carbon  monoxide,  CO,  the 
flame  is  of  a  bright  blue  color,  and  when  carbon  monoxide 
is  burned  to  carbon  dioxide,  CO,,  the  flame  shows  a 
characteristic  pink  or  rose  color;  but  when  the  carbon 
is  burned  to  carbon  dioxide  directly,  the  flame  is  nearly 
colorless. 

The  proportion  of  air  which  must  be  mixed  with  gas  to 
secure  good  combustion  varies  with  the  kind  of  gas  used. 
and  also  with  the  quality  of  the  gas.  Ordinary  illumina- 
ting gas  requires  from  six  to  twelve  volumes  of  air  to  one 
of  gas. 


«MI 
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MOI)E»    OF    PRODUCING    LIGHT. 
1112.     All  of  the  methods  of  producing  light  from  gas 
or  oils  which  are  now  in  vogue  depend  upon  the  incandes- 
cence of  some  substance  which  is  exposed  to  the  heat  of  the 

flame. 

In  the  flame  of  an  ordinary  gas  burner,  the  light  depends  , 
upon  the  incandescence  of  the  carbon,  which  exists  for  a 
moment  in  a  free  state,  as  before  explained. 

There  are  other  materials,  notably  lime,  magnesia, 2 irconia, 
and  the  oxides  of  several  of  the  earthy  metals,  which  emit 
far  mori;  light  than  carbon  when  they  are  heated  to  incan- 
deacenee.  These  materials  are  used  in  the  calcium  light, 
the  ox y- hydrogen  lleht,  and  in  the  Incandescent  Ka» 

In  the  calcium  light,  a  block  of  lime  is  raised  to  a  very 
high  temperature  by  means  of  a  strong  blowpipe,  which  is 
supplied  with  a  mixture  of  common  illuminating  gas  and 
air.  The  lime  becomes  incandescent  and  emits  light  oi 
great  brilliancy. 

In  the  oxy-hydrogen  light,  pure  oxygen  and  hydrogen  are 
burned  at  the  blowpipe,  instead  of  ordinary  illuminating, 
gas  and  air.  The  heat  of  the  flame  thus  produced  exceeds 
all  other  known  temperatures,  and  it  causes  the  lime  to  glow 
with  the  most  intense  brilliancy. 

Incandescent  gas  lamps  are  constructed  in  many  ways^ ; 
but  all  of  them  operate  upon  the  same  principle.  Any  sort 
of  combustible  gas,  or  even  oily  vapor,  is  mingled  with  air 
and  is  burned  in  an  ordinary  atmospheric  or  Biinsen  burner, 
with  the  object  of  producing  the  greatest  practicable  heat. 
The  flame  is  directed  against  the  inside  of  a  fine  circular 
netting,  which  is  composed  of  platinum  wire  or  of  threads' 
of  magnesia,  zirconia,  or  similar  oxides  of  the  earthy  metals. 
The  netting  becomes  incandescent,  and  emits  light  of  higb< 
intensity. 

There  are  also  three  distinct  methods  of  producing  light 
by  electricity — the  arc  light,  the  incandescent  thread,, 
and  the  vacuum  lube.  But  these  belong  entirely  to  thft 
department  of  electricity,  and  can  not  be  described  here. 
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CAK  Ut'HNBUH  FOR  LIGHTING    PURPOSES. 

1113.  The  common  flsta-tall.  or  unlon-jet,  burner 
B  shown  at  A  in  Fig.  3'Ji.  The  gas  issues  from  the  orifices 
ibowti,  in  two  rouml  jets,  which  collide  and  spread  out  into 
a  fiat  two-pointed  flame,  of  the  general  shape  shown.  This 
riiape  is  not  so  favorable  lo  the  development  of  bght  as  that 
iiuwn  at  B  in  the  same  figure,  and  as  the  holes  rapidly 
lecome  fouled,  the  burner  soon  loses  its  adjustment  and 
Kcotnes  a  very  inferior  fixture. 

1114.  The  batswtng  burner,  shown  at  B,  Fig.  392, 

■ ' ■  :ral  use.     The 


the  best  variety  of  this  kind  now  in  gen 


of  the  tip  is  hemispherical,  and  the  gas  issues  through 

single  straight  slit  which  spreads  it  out  into  a  thin  fiat 

leet  of   flame,  of  the  general  shape  shown  at  B.     These 

ner  tips  are  sometimes  made   with  two  curved  slits,  as 

toirn  by  the  tip  at  the  right  of  the  figure,  but  they  are 

.rily  so  thin  and  narrow  that  they  are  very  easily 

and  spoiled. 

The  capacity  of  these  burners,  in  cubic  feet  of  gas  per 
lOr,  is  marked  either  by  figures  stamped  upon  them,  or  by 
eans  of  grooves  cut  around  them — one  ring  for  each  cubic 
at  These  marks  serve  to  show  the  capacity  only  in  the 
gfeneral  way,  and  can  not  be  relied  upon  for  accuracy. 
P.    }l.-.'5 


7M 

Ills.     The  Aricund  burner,  which  is  shown  in  Fig.  393, 
is  so  named  after  its  invcntur.     The  burner  consists  of  a  h»l- 

low  ring  (I,  which  isatlachedhy  two  hollow 

arms  b  in  a  siHikct  c,  which  is  threaded 
to  strtew  on  ti;)  an  ordinary  burner  nip- 
ple. The  gas  issues  from  the  interior  of 
the  ring  through  a  series  of  sin<ill  holes  d, 
and  the  jets  all  unite  to  form  a  complete 
circle  of  flame.  A  plentiful  supply  of  air 
passes  up  through  perforations  in  the 
chimiley  holder  e,  and  also  through  the 
ctuitral  hole  of  the  burner.  The  volume 
of  the  gas  is  regulated  by  a  screw  g,  which 
s  a  very  quick  pitch,  requiring  only 
about  one-third  of  a  revolution  to  nearly 
close  the  valve  h. 

In  order  to  secure  the  best  results  with 
this  burner,  the  pressure  should  be  about 
.1  inch  of  water,  and  the  chimney /must 


be  of  such  diameter  and  V 
length  that  the  draft  will 
supply  the  proper  amount 
of  air  to  completely  burn  the 
gas — no  more  or  less.  This 
amount  will  vary  somewhat 
with  different  qualities  of 
gas. 

Every     Argand     burner 
should  have  a  volumetric  regulator.     Without  it  they  are 
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iable  to  be  wasteful,  while,  if  they  are  properly  regulated 
ind  adjusted,  lln?y  will  bum  gas  very  economically. 

I16<  Fig.  394  shows  a  large  compound  Aricand 
ler,  having  two  burner  rings  k  and  /  and  a  single  jet 
r  in  the  center.  This  kind  of  burner  is  made  with  three, 
1  four,  burner  rings,  the  latter  size  serving  to  pro- 
ISnce  a  light  of  4l)0  candle  power.  All  of  these  compound 
\  are  supplied  with  a  volumetric  pressure  reguhitor, 
B  shown.  The  gas  passes  through  fi.\ed  orifices  n  in  the 
poaiing  governor  disk  /.  The  movement  of  this  disk  opens 
tnd  closes  the  throttling  valve  s,  and  thus  controls  the 
irolume  and  pressure  of  gas  passing  to  the  burner. 

1 1 17.     The  reK^nerutive  lamp,  or  burni^r,  is  made  in 
Biany  ways,  but  the  object  in  every  case  is  to  heat  the  air, 

■  the  gas,  or  both,  before  the  gas  is 
Piamed.  This  principle  has  been  ap- 
|>lied  also  to  gasoline  burners  and  com- 
(non  petroleum  lamps. 

The     simplest    application    of    the 

degenerative  principle  is  shown  in  Fig. 

185.       Two  or  more  small   batswing 

lurners  are  supplied  by  a  pipe  which 

lescends  close  to  the  flames  and  which 

\  heated  by  them.     The  gas  is  thus 

leated   before   it   is   burned,  and  the 

nperature   of   the   flame    is    raised  " 

:cordingly.     Even  this  crude  appli- 

idtion  of  the   principle    of  regenera- 

ffion  produces  a  perceptible  increase 

31  the  brilliancy  of  the  lights. 

I  1118.     In     the    Wenham  lamp, 

lowti  in   Fig.  311(1,  both  the  air  and  gas  arc  heated  before 

i^mbuation.      The  burner  a  is  an  ordinary  Argand   ring 

hverted,  that  is.  having  the  jets  of  flame  upon  the  bottom 

Bd.     The   flames  b  are  turned  outwards  by  a  deflector  c, 

pid  they  curve  over  the  rounded  surface  of  porcelain  rings 

1  thus  forming  a  broad  horisontal  ring  of  flame  of  great 
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brilliancy.  The  lamp  is  closed  tightly  against  the  entrance 
of  air  below  the  flame  by  means  of  the  glass  hemisphere  g. 
The  hot  products  of  com- 
bustion pass  upwards 
around  the  tuberthrough 
a  number  of  tubes/",  and 
up  the  chimney  fi.  The 
gas  passingdown  the  tube 
k  is  highly  heated  before 
it  reaches  the  burner. 
The  air  required  for 
combustion  enters  be- 
tween the  cap  tn  and  the 
shfll  ff,  ]>asses  between 
the  hot  tubes  /,  and 
thence  downwards 
through  the  tube  c  to 
the  Argand  burner.  This 
construction  is  said  to 
increase  the  amount  of 
light  given  off  friim  three 
tu  f<nir  times  above  that 
produiftl  Iiy  guild  bats- 
wing  hiirtuTS  using  the 
same  <iiianlily..f  gas. 

1 1 19.     The  l.cl>run 

f""^-^  hmp.  shown  in  Tig.  ::!.t. 

emplnys  a  peculiar  I>iirni.T.  The  ]:inip  is  ciu-lnsc.l  within  a 
glass  glnbc ,!.■-.  ;mdal!lli<-aii  rL-ipiircd  fm- omiluistion  is  taken 
in  lhn.ngli"liil.i-s<r  which  connect  ,/ttiih  the  ..ntcr  atmos- 
phere. The  air  is  healed  be  passing  thmngh  these  tubes 
and  tin-  central  chamber  ,/.  which  "are  exposed  lo  the  up- 
ward current  "t  h'.t  prnilncls  of  eonilin-^tii'ti.  The  gas 
burner  ^- is  an  ordinary  bnlbor  r.'sc  burner,  ami  the  flame  is 
spread  out  inlu  a  conve.t  di>k  of  gnat  brilliancy  by  means 
of  the  current  of  hot  air  whir'h  flows  Uiiough  the  wire-gauze 
disk  c.     The  conical  frustum  ,■  si-rvcs  to  concentrate  the  hot 
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gases  of  combustion  upon  the  sides  of  the  air  chamber  d. 
'The  draft  is  augmented  by  means  of  the  chimney  h.     The 

mp  is  supported  by  a  pipe  /, 
and  can  be  attached  to  ordi- 
nary fixtures  by  the  socket  m. 

1120.     The    Incandes- 

:cent  lamp  is  made  in  various 

ways  by  different  inventors, 

but  all  of  them  operate  on 

the  same  general  plan.     The 

Welsbach  lamp,  shown    in 

Fig.  398,  is  a  go<xl  represent- 
ative of  the  class.      The  bur 

ner  is  of  the  ordinary  Bim 
m  variety  (see  Fig.  4iXi) 
:hc  gas  enters  at  a  and  the 

air  at  I.     The  mixture  burns 

tin  the  top  of  the  wire-gauze 
;over  h,  producing  great  heat 
.nd  but  little  light.  This 
leat  is  tran.-^fwrmed  into  light 
py  means  of  a  hoHowtulnilaj" 
letworkcwhich  is  suspended 
wer  and  around  the  burner 
ly  a  wire  support  d.      This  Fic.aor. 

letwork,  or  Tnuntle.  is  composed  of  threads  of  incom- 
matiblc  material,  -wiiich  becomes  brilliantly  incandescent 
^hen  highly  heated,  and  thus  converts  heat  into  light, 
fhe  light'cmitled  from  ihebase  of  the  mantle  is  so  brilliant 
liat  it  is  painful  to  look  at  directly;  therefore,  such  lamps, 
I  intended  for  office  or  domestic  use,  should  be  provided 
rith  a  shade  e  of  white  or  opal  glass,  to  modify  the  intense 
tiare. 

The  mantles  have  been  made  of  many  different  kinds  of 
laterials,  notably  of  platinum  wire,  but  the  most  success- 
Hi  a,re  now  made  by  saturating  a  delicate  woven  cotton 
ftbric  with  a  dense  solution  of  several  earthy  oxides,  such 
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B  ma|^«sia,  zirconia,  etc. 


suitable  burner  which  is 
capable  of  heating  the 
mantle  to  the  proper 
degree. 

Fig.  309  shows  an  in- 
candescent lamp  adapted 
to  burn  gasoline.  Lamps 
of  similar  construrtion 
are  also  made  to  burn 
common  kerosene. 


The  mantle  is  thea  baked,  and 
finally  its  temperature  is 
raised  high  enough  to  destroy 
the  cotton  fibers,  leaving  the 
coating  of  oxides  standing  as 
a.  network  of 
fragile  crust.  ^^^^ 
The  fragility  of  ^^|*^ 
the  mantles  is 
at  the  present 
time  the  chief 
drawback  to 


this 


of 


gas  lighting. 

This  lamp  is 
not  limited  to 
the  use  of  il- 
luminating gas. 
Any  variety  of 
combustible 
gas,  oil  vapor, 
or  gasoline  may 
be  used,  by 
providing    a 
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BURNERS    FOR    PRODUCING    HEAT. 
1121.     All  burners  which   are  designed  u>  produce  /ifat 
Irather  ihan  light  arc  constructed  to  mingle  the  gas  with 

or  less  air  before  burn- 
fing.  They,  therefore,  be- 
\  long  to  the  class  known  as 
I  atmoHpfiertc  burners. 
I  There  are  two  varieties  of 
Ithcse  burners  now  in  com- 
imon  use — the  /!/(/ix,-ii  and 
|the  Fletcher  burner. 

1122..     The       BufiHcn 

[iburner,  shown  in  Fig.  ■)!»', 

■IS  named  after  its  inventor. 

Jit  consists  of  a  gas  tube  a 

Ivhich    projects     part    way 

Linto  a  larger  tube  b,  which  is 

I  Called  the  mixing  tube.    Air 

fcis  admitted  through  holcsr, 

E'Vhich  are  closed   or  regu- 

T}atcd  by  means  of  the  collar, 

^r  slide,  d.    The  gas  issuing  r— 

from  a  and  the  streams  of  ■^' 

r  from  the  holes  c  mingle 

the    upper    part  of  the 

^Ubc  b  and  form  a  mixture  which  will   burn  over  the  mouth 

f  the  tube.     The   flame  will  be  quite  large  and  unsteady, 

■nd  if  illuminating  gas  be  burned.   It  will  show  a  pale  blue 

lolor  with  a  tendency  to  green.     If  the  proportion  of  air  is 

wfEctent  to  make  the  mixture  combustible  without  the  aid 

f  the  atmosphere,  the  flame   will  flash   back  with  a  sharp 

S  or  explosion,  and  will  then  burn  at  the  orifice  of  a  with 

H  Ocdtnary  yellow  smoky  flame.      To  prevent  this,  the  slide 

■JDUfit  be  adjusted  so  as  lo  restrict  the  supply  of  air  just 

r  the  explosion  limit.     If  the  air  supply  is  much  too 

,  the  explosion  may  be  sufficiently  violent  lo  extinguish 

9  ilame. 
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1 1  23.     The  Fletcher,  or  solid  flame,  burner  is  shoWQ 

m  Fig.  401.  That  part  of  the  apparatus  which  serves  to  mix 
the  gas  and  air  is  similar  in  principle  to  that  used  in  the 
Biinaen  bnrner,  but  the  mode  of  burning  the  mixture  is  quite 
different,  The  top  of  the  chamber  b  is  covered  with  stout 
wire  gauze  g,  and  the  gas  burns  as  it  issues  through  the 
meshes  of  the  gauze.  As  the  gas  is  already  provided  withi 
nearly  or  quite  all  of  theoxygen  that  it  requires  for  conibus-, 
tion,  it  burns  close  to  the  gauze  with  a  small  compact  flai 
great  intensity.  The  color  of  the  flame,  when  using  ordinary 
illuminating  gas,  is  a  bright  green  with  a  few  traces  of  blue. 
If  a  larger  and  more  diffused  flame  is  desired,  it  can  be 
obtained  by  diminishing  the  air  supply.  The  flame  then: 
spreads  out  in  order  to  secure  the  oxygen  which  is  lacking; 


fr  m.  Iht  ntniosphtre  jnd  it  becomes  less  intense,  appearing- 
more  like  the  flame  from  a  Bunsen  burner.  When  the  large 
flame  is  used,  the  central  air  tube  c  (which  passes  entirely 
through  the  chamber  b')  supplies  air  to  the  middle  of  thft' 
flame. 

The  Fletcher  burner  is  able  to  develop  a  higher  heat  fronji 
the  gas  than  the  Bunsen  burner,  because  it  permits  a  largeif: 
proportion  of  air  to  be  mixed  with  the  gas.  If  an  attempt:; 
is  made  to  burn  a  mixture  having  the  full  proportion  of  i 
necessary  for  combustion,  in  a  Bunsen  burner,  the  flamft 
will  blow  back,  as  before  explained.  The  same  mixtun 
will,  however,  burn  perfectly  in  a  Fletcher  burner,  because 
the  flame  is  prevented  from  blowing  back  by  the  wire  gauH 
g.  Usually  one  or  more  partitions  of  wire  gauze  are  p 
vided  in  the  interior  of  the  burner,  to  act  as  tire  chcRks  jl 
case  the  main  gauze  should  become  broken. 
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1124.  The  Bunsen  burner  may  be  transformed  ii 
Pletcher  burner  to  great  advantage  by  providing  it 

,  as  shown  at  a  and  b  in 
iFig.  403.  With  this  arrange- 
■tnent,  the  flame  can   be  turned 

mown  exceedingly  low  without 

panger  of  blowing  baric  or  snap- 

5>ing  out. 

1125.  Thevariety  of  biirn- 
imonly  employed  in  cook- 

Bng  stoves  is  shown  in  Fig.  40:i. 

within  the  tube  a,  and  the  mi.Y- 

Unre  is  burned  by  means  of  a 
large  number  of  small  flames, 
which   issue    from  the    perfora- 

_tions  in  the  ring  b.     When   tlie 
^umer  is  to  be  used    for  both 
brge  and  small  work,  it  should  , 
i  provided  with  some  means  of 
EBgulating   the  air    supply,    so  '''°-  *™- 

^at  the  mixture  of  air  and  gas  may  always  he  in  the 
Woportion  fur  economy.  In  the  figure  the  air  inlet  is 
pd  the  size  of  the  "iiciiing  is  usually  controlled  by  th( 
bbe  about  it  or  c. 


best 
:it  ,/, 


fWhen  two  or  more  of  these  burners  are  nsed  together  each 
bs  should  have  its  own  mixing  tulx;  and  gas  cock,  so  that 

r  all  of  them  may  be  used  as  desired. 
fecit  16  necessary  that  the  gas  and  air  be  thoroughly  mixed 
pore  they  reach  the  orifices  of  the  burner.     The  mixing 
BTjUion  requires  a  measurable  amount  of  time;  therefore, 
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the  mixing  chamber  must  be  large  enough  to  afford  the  gas 
ample  time  to  mingle  with  the  air  properly  while  passing 
from  the  supply  pipe  to  the  orifices  of  the  burner. 

1 1 26»  The  air  inlet  should  always  be  at  the  lowest  part 
of  the  mixing  tube,  or  burner,  so  that  none  of  the  gas  may 
escape  backwards  through  it.  When  there  is  a  possibility 
of  back  pressure  from  any  cause,  the  air  should  be  taken  in 
through  a  vertical  pipe  extending  some  distance  below  the 
burner. 

For  some  purposes  burners  are  made  to  work  in  an  in- 
verted position,  that  is,  with  the  flame  on  the  under  side. 
They  are  thus  enabled  to  radiate  heat,  over  the  top  surface 
of  materials  exposed  below  them.  This  feature  is  of  great 
value  in  cooking  operations  and  for  certain  manufacturing 
purposes.  Of  course,  the  air  inlet  must  then  be  at  a  lower 
lever  than  the  bottom  of  the  burner. 

The  best  service  can  be  got  from  a  burner  by  regulating 
both  the  air  and  gas  supply  at  the  same  time.  For  this  pur- 
pose compound  cocks  are  now  made  which  control  both  inlets 
simultaneously. 

1 127.  Vaporlzingr  burners  consist  of  devices  for  gen- 
erating gas  from  oil  by  means  of  heat,  being  combined  with 
atmospheric  burners  proportioned  to  properly  burn  the  gas 
thus  produced. 

They  are  commonly  used  with  gasoline,  but  other  and 
heavier  oils  may  be  used  by  modifying:  the  vaporizer  ^and 
burner  to  suit.  Oil  vapors  have  such  an  abundance  of  car- 
bon that  the  quantity  of  air  required  to  burn  them  properly 
is  much  ji^rcatcr  than  that  required  with  ordinary  illumina- 
t\n\r  gas. 

The  liquid  is  vaporized  only  as  fast  as  it  is  used,  and  the 
heat  required  is  taken  from  the  flame;  usually  some  of  the 
waste  heat  is  tlius  utilized.  The  ji^eneral  mode  of  construc- 
tion is  to  have  the  oil  reservoir  elevated  above  the  burner, 
so  that  the  liquid  will  flow  down  to  the  vaporizer  by  gravity. 
The  gas  produced  may  be  burned  in  a  Bunsen  or  Fletcher 
burner,  or   in   a  ring  burner  of  the  kind  .shown  in  Fig.   403. 
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GAS    STOVBS  FOR   BOUSE  WARMING. 

1128.     Fig.   404  shows  the  interior  construction  ot 

sominon  variety  of  beating  Htove.     The  gas  is  burned 

irdinary    atmospheric     ring 

irner  a  in  the  base  of  the  stove. 

Klie  hot    products  of  combustion 

pre  diUited  with  a  quantity  of  air 

which    enters   through   the  small 

holes  b,  and  their  temperature  is 

reduced     correspondingly.      They 

pass  upwards  through  the  interior 

:  the   drum  c  and    escape  to  the 

Ehimney    through     the     flue    d. 

Vffle  plates  e  and  /are  introduced 

impede   the    flow   of    the   hot 

tses,  and  to  deflect  them  against 

c  surface  of  the  drum  c  and  the 

fentral  flue  g.     This  central  flue 

I  very  effective  heating  surface. 

lie  air  enters  at  the  bottom  and 

jtccomes  highly  heated  during  its 

ssage  by  contact  with  the  surface  of  the  hot  metal, 

\  II29>  Fig.  405  shows  a  gas  grate  which  is  designed 
I  occupy  an  ordinary  open  fireplace.  The  back  plate  is 
wered  with  loose  bunches  of  asbestos  fibers,  and  is  per- 
muted with  a  number  of  fine  holes.  The  gas  is  mixed  with 
!  necessary  air  in  a  chamber  in  the  rear,  and  the  mixture 
s  through  the  small  orifices  and  burns  on  the  front  face 
f  the  plate  among  the  loose  fibers.  The  asbestos  becomes 
»ndescent,  and  glows  like  an  open  fire  of  coal,  emitting 
Mh  light  and  heat.  Stoves  are  also  constructed  uptm  the 
B  plan. 

|X30-  A  icas  loK  is  shown  in  Fig.  404,  The  log  is 
Ide  of  fireclay,  and  is  perforated  with  a  large  number  of 
small  orifices,  through  which  the  mingled  gas  and  air,  or  the 
gas  only,  passes  out  and  burns.  The  log  is  hollow,  and  its 
interior  serves  as  a  chamber  in  which  the  gas  and  air  are 
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iiiixt-(l   before   combustion.     The  heat  is  radiated   directly 


from  the  small  flames  which   nearly  cover  the  surfac* 
the  log. 
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131.  Fiff.  -lo:  s 
|Tlie  g;is  is  burned  in 
long  straight  atnios- 
Ipheric  burner  a,  which 
Koccupies  the  upper  part 
lof  the  stove.  The  gas 
Eburns  in  a  number  of 
WBinall  jets,  and  the  rc- 
Tflector  *,  which  in:cu|iies 
■  the  back  and  lower  part 
Jof    the    stove,    reflects 

iieat  from  these  flames 
■into   the   room;    being 

corrugated,  it  reflects 
t  irregularly,  and  thus 
iBcatters  the  heat.  To 
Kgive  a  cheerful  appe;ir- 
Fance  to  the  rfmm  i  n 
K'^hieh  such  a  heater  is 
Epiaced,  the  gas  is  s>  'me- 
Elimes  burned  without 
Ithe  addition  of  air  before  coinbu; 


reflecting     teas     stove. 


1132.     The  theory  upon  which  many  gas  heaters  are 

Kmade  is  that  air  can  be  heated  by  means  of  radiant  heat. 

rThis  theory  is   erroneous  and   deceptive,   because  radiant 

Elteat  passes  through   air  without  affecting  it,  except   in  a 

■very  slight  degree.    It  should  be  borne  in  mind  that  atr  can 

e  heated  only  by  contact  with  hot  surfaces. 

Nearly  all  of  the  heat  whicli  is  radiated  from  a  stove  falls 

upon  the  walls  or  furniture  of  the  mom  and  is  expended  in 

jvarming  them.     The  air  in  the  room  is  gradually  warmed 

by  contact  with   the  surfaces  thus   heated;   some  of  it  is 

leated  by  contact  with  the  stove  itself,  but  none  of  it  is 

banned  by  the  direct  action  of  the  radiant  heat. 

Thus,  the  reflecting  and  radiating  heaters  which  have  been 

tfibed   are  very    effective  devices  for  warming  persons, 

cially  those  who  are  cold,  wet,  or  chilly;  but  they  arc 
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quite  inferior  for  the  purpose  of  heating  air.  The  stove 
shown  in  Fig.  iOi  is  much  better  for  that  purpose,  because 
it  has  large  heating  surfaces  over  which  the  air  may  travel. 
The  prime  requisite  of  an  air-heating  apparatus  is  an 
abundance  of  hot  surfaces.     ■ 

1133.  No  gas  stove  or  heater  should  be  permitted  to 
discharj^eilsprodiiclsof  combustion  into  the  air  of  the  room, 
because  it  will  vitiate  the  air  with  great  rapidity.  Every 
hijutcr  should  Reconnected  by  a  pipe  to  a  chimney,  or  should 
have  a  hood  over  it  which  should  have  a  free  discharge  into 
the  outer  atmosphere. 

WATER    HEATERS. 

1134.  There  are  two  varieties  of  heaters  for  heating 
water  by  gas  nuw  on  the  market.  One  is  designed  to  be  at- 
tached to  the  ordinary  kitchen  boiler  to  furnish  a  moderate 
steady  supply  of  hot  water,  sufficient  to  meet  the  usual  de- 
mands They  are  made  in  several  ways.  A  common  method 
is  to  employ  a  vertical  cylindrical  coil  of  copper  pipe, 
through  which  the  water  may  pass,  and  to  place  an  atmos- 
pheric burner  at  the  base  of  the  coil,  passing  the  hot  prod- 
ucts of  combustion  up  the  interior  of  the  coil  and  between 
its  convolutions. 

A  heater  of  this  variety,  suited  to  a  60  or  60-gallon  boiler, 
usually  contains  about  35  lineal  feet  of  {-inch  copper  tubing, 
and  the  burner  is  made  to  consume  from  20  to  35  cubic  feet  of 
ordinary  illuminating  gas  per  hour.  This  variety  of  heater 
is  apt  to  produce  a  disagreeable  drip  of  water  from  the  coil 
when  at  work,  the  drip  being  often  mistaken  for  leakage. 
It  is  one  of  the  products  of  combustion  of  gas  (see  Art. 
1105),  and  its  presence  in  the  liquid  form  shows  that  some 
part  of  the  coil  is  below  boiling  temperature,  and  thus  act- 
ing as  a  condenser.  This  same  trouble  applies  to  heaters  in 
which  the  hot  products  of  combustion  flow  through  the 
inside  of  tubes  or  coils. 

1 1 35.  Another  variety  of  water  heaters,  called  quick, 
or  tiiBtaataneauB,  heaters,  is  used  for  heating  small  quan- 
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titiVs  of  water  to  the  boiling  point  in  the  least  possible  time. 
The  heater  is  usually  placed  in  the  kitchen  over  the  sink,  or  | 
at  the  bath-tub  ur  bowl  where  the  hot  water  i: 

Fig.  108  shows  the  in- 
terior construction  of 
one  of  the  best  of  these 
devices.  The  water  is 
heated  in  the  coiled  pii>e 
II,  It  enters  at  the  bot- 
tom, passes  gradually  up- 
wards and  is  discharged 
at  the  top  through  a 
faucet,  not  shown  in  the 
figure.  The  burner  />  is 
an  ordinary  Bunsen  bur- 
ner, and  the  chimney 
c  is  made  just  large 
enough  to  admit  the  air 
necessary  for  perfect 
combustion.  The  pipe 
coil  is  surrounded  by  a 
casing  of  firebrick  (/und 
e,  which  prevents  loss  of 
heat.  The  hottest  part 
of  the  flame  plays  upon 
the  upper  part  of  the 
coil,  and  the  hot  ^a 
pass  between  its  con 
lutions  and  escape  dui 
wards,  as  shown  by  the  arrows,  passing  out  through  holes 
in  the  base  ring/ 

The  heat  is  thus  applied  to  the  coil  in  a  very  effective 
manner,  and  a  moderate  stream  of  hot  water  can  be  main- 
tained continuously. 

In  heaters  of  this  kind  there  is  danger  that  an  e.tpiosive 
mixture  of  gas  will  remain  in  the  top  of  the  fire  chamber 
when  the  burner  is  shut  off.  and  blow  badly  when  a  light 
^lied.     This  is  prevented   by  means  of  a  damper  j 
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which  is  connected  by  a  rod  //  to  the  handle  of  the  gas 
valve,  so  that  it  will  remain  open  as  long  as  the  gas  is 
shut  off. 

FIRE  CHECKS. 

1136.  In  burning  explosive  mixtures  of  air  and  gas,  it 
is  necessary  to  employ  some  device  for  the  purpose  of  con- 
fining the  flame  to  a  certain  place,  and  thus  prevent  it 
from  spreading  backwards  into  the  mixing  chamber  or 
reservoir. 

Before  combustion  can  take  place,  the  temperature  of  the 
gaseous  mixture  must  be  raised  to  a  certain  degree,  called 
the  point  of  iifnition.  Now,  if  the  mixture  can  be  sepa- 
rated from  the  flame  by  some  kind  of  a  screen  which  will 
not  become  heated  to  the  point  of  ignition^  it  is  evident  that 
it  can  not  be  set  on  fire  by  contact  with  the  screen. 

The  device  most  frequently  employed  as  a  fire  check  is  a 
partition  of  wire  gaiize^  through  which  the  mixture  of  air 
and  gas  is  forced  to  pass.  As  the  gas  passes  through  the 
meshes  of  the  gauze,  it  is  carried  some  little  distance  beyond 
the  surface  before  it  burns;  consequently,  the  flame  does 
not  actually  touch  the  gauze.  The  heat  radiated  from  the 
flame  rapidly  heats  the  wires,  and  would  soon  raise  them  to 
incandescence  if  no  cooling  influence  were  brought  to  bear 
upon  them.  But  the  streaniof  cold  air  and  gas  which  passes 
through  the  meshes  absorbs  the  heat  from  the  wires  and 
keeps  them  at  a  moderate  temperature.  If  there  is  no  cur- 
rent throiiji^h  the  wire  gauze,  and  if  lire  be  maintained  on 
one  side  of  it  and  an  explosive  mixture  on  the  other,  then 
the  safety  will  depend  entirely  upon  the  rapidity  with  which 
the  cold  mixture  can  absorb  and  carry  olf  the  heat  from  the 
wires.  I'sually  the  conductive  power  of  the  air  and  gas  is 
not  suflicient  to  keep  tlu;  temperature  of  the  wires  below 
the  point  of  ij^nition  for  any  considerable  len^^th  of  time, 
and  an  explosion  consecpiciitly  results. 

An  explosion  on  one  side  of  a  j^auze  partition  will  not  set 
lire  to  an  ex})losive  mixture  on  the  opposite  side  (unless  the 
force  of   the  explosion   bursts  a   hole  in  the  gauze  and  thus 
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Krmit.t  fire  to  pass),  because  the  temperature  of  the  flame 
Will  fall  rapidly,  and  it  will  die  out  before  the  gauze  becomes 
lealcd  to  the  ptJiiit  of  ignition. 

Other  devices  are  sometimes  used  for  tire  checks.     The 

aplosive  mixture  may  be  passed  through  metal  tubes  hav- 

small    bore   and  considerable  length,    or  it  may  be 

ussed  through   narrow  passages  between  flat  metal  plates: 

essential    point    is    that    the    beat   which    is   received 

m  ihc  flame  shall   be  conducted  away  or  dissipated  so 

itipidly  that  the  temperature  of  the  metal  can  not  be  raised 

the  point   of   ignition  at   the   end   where   the   mixture 

mters. 

I  The  mesh  and  the  size  of  the  wire  composing  the  gauze 
Ire  matters  of  great  importance.  The  wire  should  be  of 
irass  or  cojiper,  woven  with  twenty-eight  or  more  lines  to 
[he  inch,  the  gauze  having  not  less  than  784  meshes  to  the 
iquare  inch. 

,  Gauze  made  of  iron  or  tinned  wire  is  very  liable  to  be 
toiled  by  ruat  holes,  and  the  metal  does  not  conduct  the 
away  fast   enough.     It   should   nut    be  used   for  fire 
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1137.  The  term  fixture  is  applied  to  the  apparatus 
■hicb  supports  the  gas  burners  and  serves  to  connect  them 
supply  pipes.  They  are  divided  into  three  general 
:  bracketH,  or  side  lli{hts.  which  project  from  the 
^IIs;  pcatluntn,  or  cliandetlers,  which  hang  from  the 
eiling,  and  pillar  lltct>t»,  which  stand  upon  a  base,  such 
•  a  mantel,  a  tabic,  or  a  newel  post. 
I  Brackets  made  without  joints  arc  called  stiff  brackets,  and 

E  having  flexible  joints  are  called  siving  brackets. 

\  All  fixtures  which  hang  from  the  ceiling  may  properly  be 

Uled  pendants;    but,  as  commonly  applied,   this  name    is 

Itricted  to  fixtures  carrying  one  or  two  lights,  and  which 

B  of  plain  construction.    If  the  number  of  lights  is  greater, 

Stile  construction  is  decidedly  ()rnamcntal,  the  term  chan- 

r  is  used  instead.     This  name  is  applied  tu  the  flxture 
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without  regard  to  the  variety  of  lights  which  it  carries, 
whether  candles,  kerosene  lamps,  gas  burners,  or  electric 
lamps.  The  terms  gasolier  and  electrolier  have  been  devised 
to  distinguish  a  chandelier  bearing  gas  lights  from  one 
carrying  electric  lamps,  but  these  words  are  objectionable — 
they  are  formed  without  regard  to  the  laws  of  language — 
and  their  use  is  not  recommended. 

There  is  another  class  of  fixtures  called  sun  lights  and 
constructed  in  a  great  variety  of  ways.  They  are  used 
chiefly  to  produce  a  great  amount  of  light  near  the  top  or 
ceiling  of  large  audience  rooms,  and  also  to  furnish  copious 
illumination  for  show  windows,  etc. 

1138.  A  sun  Hiflit  consists  of  a  large  group  of  small 
gas  burners  which  are  attached  directly  to  the  supply  pipe 
and  a  reflector  which  is  adapted  to  throw  the  light  down- 
wards as  much  as  possible.  The  group  is  made  up  in  a 
circle,  or  sometimes  in  a  rectangle  or  in  parallel  lines.  The 
burners  are  usually  set  so  closely  together  that  when  one  is 
lighted  it  will  ignite  the  adjoining  jets,  and  thus  light  up 
the  whole  group.  The  flames,  however,  should  not  touch 
each  other  when  burning. 

Ornamental  fixtures  are  usually  built  over  a  frame  or 
skeleton  of  plain  brass  or  iron  tubing.  The  ornamental  part 
consists  of  thin  tubes,  or  shells,  of  brass,  which  are  slipped 
over  the  main  tubing,  and  are  bound  in  place  by  screwing 
the  various  fittings  tightly  together. 

1139.  The  most  important  part  of  any  fixture,  how- 
ever, is  the  key,  or  cock,  by  which  the  gas  is  turned  on  or 
off.  The  safety  of  the  inmates  of  the  rooms  from  poisoning 
or  suffocation,  or  from  injury  by  explosion  of  gas,  requires 
that  the  key  of  every  fixture  be  properly  constructed,  and 
also  that  it  be  properly  adjusted.  If  a  key  is  loose  in  its 
socket  it  is  very  liable  to  be  opened  accidentally,  or  to  be 
reopened  unintentionally  in  the  act  of  removing  the  fingers 
after  closing  it.  A  loose  key  is  such  a  dangerous  thing  that 
it  should  not  be  permitted  to  remain  under  any  circum- 
stances. 
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I  The  proper  construction  of  a  key  is  shown  in  Fig.  40a. 

?be  plug  a  should  be  lapered,  and  should  ba  ground  inio 

s  seat  until  it  has  a  perfect  bearing 

ihrongbout    the  whnle    length    of  the 

dclcet.     It  should  be  held  in  place  by 

peans  of  a  screw  c  and  a  washer  d. 

Jhe  washer  should  have  a  central  hole 

prith  one  or  two  straight  sides,  as  at  </,  - 

ind  it  should  fit  over  the  flat-sided  end 

the  plug  without  looseness  or  play, 

that    when    the    plug    turns,    the 

Jvasher  will  turn  with   it.     If  there  is 

ny  play  at  this  point,  it  will  operate  Fig.  wb. 

'  loosen  the  screw  r,  and  thus  spoil  the  tightness  of  the 

It  is  a  very  common  mistake  to  make  the  dimensions 

E  the  washer  and  screw  too  small,  causing  the  washer  to 

^ickly  wear  loose  when  the  screw  is  properly  tightened  Up. 

Bfhe  bead  of  the  screw  should  always  be  made  large  enough 

1  afford   a   good   hold   for   a   screwdriver.     Keys   having 

nail   thin   washers,   or   screws  with   small   shallow  nicks, 

pould  be  rejected.     There  should  always  be  some  clearance 

tDder  the  washer  and  under  the  screw  head,  so  that  when 

9ie  screw  is  tightened  up  they  will  never  come  to  a  bearing 

1  the  end  of  a  plug. 


1140.     An  important  detail  of  a  key  is  the  stop  pin  / 

'liis  pin  projects  from  the  side  of  the  plug  and  engages 

loulders  cut  on    the  body  of  the  socket;    this  limits  the 

ntion  of  the  plug  to  one-half  turn,  always  stopping  the 

Hug  when  the  key   is   fully  closed.     This   pin   should  be 

"ongly  made,  so  that  it  can  not  be  easily  broken. 
B-A  key  which  has  no  stop  pin  is  dangerous,  since  it  is 
He  likely  to  be  left  open  a  little  when  it  is  believed  to  be 
Such  a  key,  when  discovered,  should  not  be  per- 
Sited  to  remain  in  use,  but  should  immediately  be  repaired 
or  replaced. 

The  diameter  of  the  hole  e  should  never  exceed  one-third 
the  diameter  of  the  plug  at  that  point.     If  the  hole  is  made 
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larger,  the  bearing  surfaces  are  so  reduced  that  the  key  is 
likely  to  become  leaky  in  a  short  time. 

The  plug  should   be   lubricated  with 

I  mutton  tallow,  the  excess  of  tallow  being 

II  carefully  removed  from  the  passages  for 
I  gas. 


141.     The  construction  of  shrivel 
Joints  is  shown  in   Figs.  410  and  411. 
The  mode  of  securing  the  plugs  in  the 
sockets  is  the  same  as  in  Fig.  409.   Each 
Fio.  «o.  socket    is   provided    with    a   groove  g, 

which  permits  the  gas  to  pass  freely  into  the  bore  of  the 
plug  in  all  positions.  Fig. 
410  showii  an  ordinary  etlniile 
ttwlvel  Joint,  and  Fig.  411 
shows  the  arrangement  of  a 
doubl«  ttwlvel,  or  univer- 
sal. Joint.  The  plug  A,  Fig. 
411,  turns  in  a  socket  k, 
formed  in  the  head  of  the 
plug  HI,  whii'h  also  revolves 
in  the  socket  /.  The  pipe  ii 
can  thus  swing  around  the 
axis  of  either  plug,  or  both 
at  the  same  time. 

This  mode  of  ctmstruction  P"^-  ■*"■ 

is  not  suitable  for  apparatus  which  requires  a  large  supply 
of  gas,  because  the  dimensions  be- 
come so  great  as  to  be  clumsy. 

When  the  full  capacity  of  the  pipe 
IS  required  to  carry  the  desired 
imount  of  i;as,  the  swivels  may  be 
constructed  substantially  as  shown 
m  Tig.  41^,  This  is  called  a  full- 
bore  Bwlvcl.  The  sections  a  and  b 
Fir  4U  are    iittcd    together    with   a    conical 

joint  £,    which  permits  complete    rotation.       The    joint    is 
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pghtened  by  means  of  the  bolt  rfand  nut  r,  and  if  it  becomes 
aky  at  any  lime,  it  can  be  readily  reground.     The  pas- 

Bgeway  for  gas  is  equal  to  or  greater  than  the  full  area  of 
hhe  pipe  at  all  points;  therefore,  it  offers  very  little  obstruc- 
tion to  the  flow, 

1 1 42.     Fig.  413  shows  the  construction  of  a  ball  Joint, 

ifhieh  permits  the  tube  to  swing  to  a  limited  extent  in  any 

lirection,  and  also  to  turn  on   its  own  Li.xis,     Tin:  iiibf  /)  is 
pttachcd  to  a  ball  ir,  whii-h  i-- 
infined  in    a   socket    </  by 

incans     of    a    screw-cap    r. 

>acking  material,    usually  a 

tup  leather,  is  employed  to 

take  the  connection  from  a 

b  gas-tight.     The  swing 

i  the  tube  is  limited  by  the 
bze  of  the  hole  in  the  cap  c. 

Fhis  class  of  a  joint  is  often 

ised  at   the  top  of  swinging 

^andeliers,  <i  being  the  iron 

^pe   drop    piece    extending 

lirough  the  ceiling. 

143.  An  extension, 
ir  telescopic,  chandelier  is  shown  in  Fig.  41-t,  The  fixture  is 
■ovided  with  two  tubes,  an  inner  one  a,  which  serves  to  con- 
ict  gas  to  the  burners,  and  an  outer  one  b,  which  has  a 

p  f  at  the  lop  end.  The  space  between  the  tubesrt  and  ^is 
led  with  liquid,  and  the  supply  pipcrfdips  below  its  surface 

all  times,  thus  preventing  the  gas  from  escaping.    The  pen- 
intis  held  up  by  chains  c  and  weights  y,  and  it  can  be  raised 

lowered  as  desired.    The  chains  are  provided  with  stops  to 

ivent  the  pendant  from  being  lowered  so  far  that  the 
[uid  may  uncover  the  end  of  the  pipe  d.     Instead  of  the 

iias  and  weights,  coiled  springs  (like  sash  balances)  are 
jtiently  used  to  sustain  the  fixture.  The  liquid  may  be 
;her  oil,  glycerine,  or  mercury ;  water  is  unsuitable  because 
levaporates  rapidly. 
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1144.  This  variety  was  formerly  much  in  use,  but  in 
recent  years  it  has  given  place  to  that  shown  in  Fig,  il5. 
The  liquid  seal  is  replaced  by  a  stuffing-box  g,  which  is 
attached  to  the  top  of  the  sliding  tube  k,  and  which  slides 
gas-tight  over  the  supply  tube  h.  The  outer  tube  m  is  pro- 
vided with  a  collar  k,    which  guides  the  draw-tube  k  and 


prevents  dust  from  entering  the  interior  and  settling  upon 
the  surface  of  the  tube  //.  The  lubricalinn  of  the  tube  and 
stuffing-box  can  thus  be  maintained  for  a  long  time.  As 
the  tube  //  has  only  to  supply  gas,  it  ran  be  made  quite 
small  in  diameter.  The  devices  used  fur  balancing  or  sus- 
taining this  fixture  in  position  are  of  many  kinds,     One  of 
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[the  best  of  these  is  a  friction  clutch   which  permits  the 
-tube  to  slide  upwards  without  resistance,  but  which 

J     grips  it  and  prevents  it  from  moving  down- 
wards, except  when  pulled  down  by  force. 

1  145.  Another  variety  of  chandelier 
which  serves  a  similar  purpose  is  provided 
with  a  small  sliding  tube  which  usually 
carries  only  one  burner.  All  the  other 
burners  are  carried  on  rigid  arms  in  the 
ordinary  manner  and  are  not  adjustable. 
The  sliding  tube,  however,  is  usually  so 
slender  that  it  lacks  the  strength  to  prop- 
erly support  the  weight  of  a  good  shade, 
and  it  is  difficult  to  keep  the  stuffing-box 
gas-tight.  The  surface  of  the  tube,  being 
somewhat  oily  after 
sliding  through  the 
packing,  becomes 
coated  with  dusi,  and 
the  dust  soon  spoils 
the  tightness  of  the 
packing. 


PlO.  41S. 

1140.     The  drop  IlKht.  shown  in 
Fig.  41fi,  is  to  be  preferred  for  ordinary 
such   as   for  reading  or  sewing 
Cables.     It  consists  of  a  tube  of 
suitable  length  having  a  burner 
and  shade  at  its  lower  end  and 
1  socket,  or  cap,  at   its  upper 
tod;  this  socket    is   lined   with 
rubber  and  is  adapted  to  fit  gas- 
light   over    the    body    of    an 
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ordinary  burner.  The  socket  should  always  he  quite  close 
to  the  lube,  so  that  it  can  be  passed  up  through  an  ordinary 
globe  ring  or  holder.  The  lube  should  be  offset  so  that  the 
center  of  gravity  of  the  shade,  etc. ,  will  rome  directly  under 
the  socket  without  tending  to  bend  the  burner  to  which  it  is 
attached.  The  lip  should  t>e  removed  from  the  burner  before 
attaching  the  socket  to  it.  Many  chandeliers  are  provided 
with  a  small  stiff  bracket,  made  especially  for  use  on  drop 

lights.  

HETAILS  OP  FIXTURES. 

IGNITERS. 

1147.  iKolters  are  devices  for  lighting  gas-burners 
either  singly  or  in  groups,  and  are  designed  to  save  the  time 
and  labor  which  would  be  required  to  light  ihera  by  hand. 

1 148.  A  self-lishtiDK  Kas-burner  is  shown  in  Pig. 
417.  The  key  is  so  made  that  the  gas  can  never  be 
entirely   shut   off,   and   when   it    is   turned   to   extinguish 

the  light,  a  small  amount  of  gas  is  still 
allowed  to  pass,  enough  to  maintain 
small  peep  of  flame  at  the  tip  of  the 
burner.  In  order  to  protect  this  little 
flame  from  extinction  by  drafts  of  air.  it 
is  enclosed  by  a  cap,  or  globe,  g:  When 
the  burner  is  in  full  operation,  the  globe 
drops  down  below  the  fl:ime  to  the  posl 
lion  shown;  but  when  the  lever  fi  is  re 
versed  to  shut  off  the  gas.  the  link  d 
operates  to  raise  the  globe  above  the  top 
of  the  burner,  thus  shielding  the  little 
flame  from  accidental  extinction.  The 
lower  end  a  is  a  socket  threaded  and 
soldered  to  fit  the  ordinary  fixture.  The 
lixture  to  which  this  burner  is  attached 
must  be  provided  with  a  key,  as  usual, 
so  that  the  burner  may  be  entirely  extin- 
guished when  desired. 
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149.  Sun  IlEbts  and  other  large  groups  or  clusters 
of  burners  are  usually  lighted  in  a  similar  manner.  When 
the  cluster  is  extinguished,  one  small  tip  is  left  burning, 
and  this  serves  to  relight  the  whole  group  when  the  gas 
again  turned  on.  This  small  burner  is  commonly  called  a 
pilot  llElit,  and  it  is  supplied  with  gas  by  a  separate  pipe. 
The  supply  of  gas  to  all  the  other  burners  is  controlled  by  a 
single  cock,  so  that  they  may  be  turned  down  simulta- 
neously, and  may  be  extinguished  or  promptly  relighted 
whenever  desired. 

There  are  also  a  large  number  of  igniting  devices  which 
operate  by  means  of  electricity.  Two  methods  are  in  use: 
one,  an  electric  spark  is  caused  to  flash  through  the  stream 
of  gas  issuing  from  each  burner,  thus  igniting  it;  in  the 
other,  a  small  piece  of  platinum  wire  is  heated  to  incan- 
descence near  the  tip  of  each  burner,  the  electricity  being 
urned  on  after  the  gas  issues  from  the  burners,  and  shut 
off  as  soon  as  the  lights  appear. 

1 150>  Safety  hurnerx  arc  designed  to  automatically 
close  a  valve  and  shut  off  the  gas  when  the  flame  is  ex- 
anguished.  A  great  many  devices  of  this  kind  have  been 
ntented,  but  few  of  them  will  operate  with  sufficient  cer- 
Miinty  to  be  worthy  of  confidence.  Nearly  all 
[  them  employ  bars  of  metal  or  other  sub- 
Itances  which  are  expanded  by  the  heat  of  the 
tame,  and  while  in  that  condition  hold  the  gas  ] 
palve  open.  When  the  flame  goes  out,  the  ex- 
landing  body  contracts  by  cooling  and  permits 
jlie  valve  to  close. 

'  One  of   the  most  simple  and   probably  the  I 
Kt  automatic  safety  burner  is  that  shown  in  | 
He-  ^l*!-      ^^  is  simply  an  ordinary  batsw 
r other  form  of  a  burner  tip  fitted  with  ad 
and  a  platinum  coiled  spring  A     When  the  [I 
irlt^  is  cold  it  draws  a  to  its  seat  and  shui 
T  the  gas.     When  it  is  heated  the  spring  ex-   '''"■'"* 
klids  and  pushes  down  the  valve,  thus  opening  a  passage 
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for  the  flow  of  gas.  The  edge  of  the  gas  flame  touches 
the  spring  and  keeps  it  heated,  but  the  moment  the  gas  is 
extinguished,  whether  shut  off  at  the  gas-cock  or  blown  out 
by  accident  or  ignorance,  the  valve  will  quickly  take  its  seat. 
These  burners  are  particularly  valuable  for  hotel  service, 
because  many  people  (those  accustomed  to  the  use  of  kerosene 
lamps,  etc. )  do  not  even  know  how  to  shut  off  a  gas  flame, 
and  it  is  not  uncommon  to  hear  of  country  people  being 
suffocated  in  city  hotels.  They  are  inclined  to  forget  them- 
selves, or  perhaps,  are  too  proud  to  ask  for  information,  and, 
consequently,  **  blow  out  the  gas  *'  and  go  to  bed. 

Another  great  need  for  safety  burners  arises  from  the  fact 
that,  when  the  gas  supply  is  interrupted  or  shut  off,  every 
burner  is  extinguished,  but  the  keys  are  not  closed.  When 
the  gas  comes  on  again,  it  streams  out  of  each  open  burner, 
and  in  many  instances  does  great  damage  by  causing 
explosions  or  by  suffocating  the  inmates  of  the  building. 

GIX>BBS. 

1151.  The  primary  object  of  enclosing  a  gas-burner 
within  a  globe  is  to  protect  the  flame  from  interference  by 
drafts  of  air.  A  globe,  however,  acts  as  a  chimney  and 
causes  a  strong  upward  current  of  air  to  flow  through  it.  If 
the  dimensions  of  the  globe  are  not  suited  to  the  size  of  the 
flame,  the  air  current  will  cause  the  flame  to  flicker  badly, 
and  the  globe  then  becomes  a  detriment  instead  of  an 
advantage. 

The  opening  at  the  top  or  bottom  of  a  globe  should  never 
be  less  than  4  inches  in  diameter  for  an  ordinary  5-foot 
burner,  and  a  larger  size  is  still  better. 

1152*  Globes  are  often  required  to  serve  the  purposes 
of  shades,  to  modify  and  soften  the  light.  For  this  purpose 
the  outer  surface  of  the  glass  is  etched,  or  {.^rouncl,  or 
colored  glass  is  employed.  These  globes  obstruct  the  light, 
the  loss  being  about  as  follows  *. 

Ground  glass  globes 10  to  30  per  cent. 

Opal  glass  globes 30  to  40 

Colored  glass  globes 40  to  60 
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Globes  of  clear  glass  obstruct  the  light  somewhat;  but,  if 
[tbe  globe  is  properly  proportioned,  the  intensity  of  the  light 
will  be  increased  by  the  draft  which  it  creates,  and  the  in- 
crease of  light  will  counterbalance  the  loss  by  obstruction. 

SHADRS. 

1153.  Shades  are  commonly  used  to  prevent  the  light 
from  passing  upwards,  and  to  reflect  a  considerable  part  of 

downwards.  It  is,  therefore,  desirable  that  the  under  side 
pf  the  shade  should  have  a  good  reflecting  surface.  For 
table  and  desk  lights,  the  shades  should  be  made  of  opaque 
material,  and  should  act  as  reflectors  only. 

The  color  of  globes  and  shades  is  a  matter  of  some  impor- 
tance.    If  translucent  shades  are  used,  they  should  be  either 

hite  or  opal.  Red, 
green,  and  blue  shades 
iBhould  not  be  used,  be- 

luse  of  the  bad  effect 

■  the  colored  light  up- 
on the  eyes,  red  light, 
tspecially,  being  very 
tiresome  to  sensitive 
persons. 

The  central  opening 
in  the  top  of  the  ordi- 
nary shades  permits  a 
considerable  portion  of 
Ihe  light  to  pass  up- 
wards to  the  ceiling. 
SFhen  it  is  desired  to 
prevent  this,  top  reflectors  may  be  used  to  intercept  the 
light  and  throw  it  downwards,  as  shown  at  a  in  Fi^.  419. 

1154.  The  distance  between  an  ordinary  gas-burner 
ftnd  the  ceiling  should  be  not  less  than  three  feet.  If  a  less 
distance   is   unavoidable,  the   ceiling  should   be   protected 

a  metal  shield   to  prevent    it  from  being  scorched  or 
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burned.  The  shield  should  be  separated  from  the  ceiling  by 
a  clear  space  of  at  least  two  inches,  to  permit  air  to  circu- 
late between  them.  Even  when  a  shield  is  provided,  a  gas 
flame  should  not  be  permitted  at  a  distance  less  than  eigh- 
teen inches  below  the  ceiling. 

If  a  gas  flame  is  liable  to  come  into  accidental  contact  with 
inflammable  materials,  such  as  curtains  or  drapery  blown  by 
the  wind,  or  hay  and  straw  in  stables,  etc.,  it  should  be  pro- 
vided with  a  glass  globe,  and  should  also  be  enclosed  within 
a  stout  wire  cage  at  least  ten  inches  in  diameter.  The  only 
safe  way  to  determine  the  proper  size  of  the  wire  guard  is  to 
test  it  by  holding  pieces  of  cloth  or  paper  against  it.  If  the 
material  can  be  set  on  fire,  the  guard  should  be  made  larger. 


DISCOLORATIO.^  OF  CBILINGS. 

1 1 55.  Each  gas  flame  causes  an  upward  current  of  hot 
air,  which  ascends  until  it  reaches  the  ceiling.  This  pro- 
duces a  circulation  of  the  air  within  the  room,  and  particles 
of  dust  in  the  current  will  be  carried  to  the  ceiling  at  a  point 
directly  over  the  burner.  Consequently  that  part  of  the 
ceiling  soon  becomes  discolored  by  the  dust  which  adheres 
to  it.  The  discoloration  is  usually  charged  to  smoke  from 
the  gas,  but  it  is  mostly  due  to  the  stream  of  dust.  If  the 
gas  does  actually  give  off  smoke,  it  will  aggravate  the 
trouble,  but  that  can  be  easily  remedied  by  providing  a 
proper  burner. 

The  trouble  may  be  mitigated,  although  not  wholly  cured, 
by  using  a  deflector,  as  at  a  in  Fig.  410,  or  by  hanging  an 
ordinary  smoke-bell  over  the  flame.  By  spreading  out  the 
current,  its  velocity  is  checked,  the  amount  of  dust  which 
strikes  the  ceiling  within  a  given  area  is  thus  reduced,  and 
the  discoloration  is  lessened. 

The  only  effectual  method  of  preventing  the  discoloration 
of  walls  and  ceilini^s  in  this  manner  is  to  intercept  the  cur- 
rent of  hot  air  arising  from  each  burner,  and  to  conduct  it 
to  a  chimney  or  ventilating  flue,  by  means  of  a  hood  sus- 
pended over  eac  h  flame,  or  set  of  flames,  and  Suitable  pipe 
connections.     This    plan    is    valuable    for   another  reason  : 
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Not  only  are  the  products  of  combustion  removed  from  the 
room,  but  a  considerable  amount  of  air  is  carried  along  also, 
thus  aiding  ventilation.  The  hot  gas  which  is  discharged 
into  the  ventilating  flue  raises  the  temperature  therein,  and 
thus  increases  the  draft  and  improves  the  operation  of  the 
flue. 

LOCATING     FIXTURES. 

1156.  The  chief  considerations  which  govern  the  loca- 
tion of  gas  fixtures  are:  first,  that  they  shall  light  the  rooms 
to  good  advantage,  and,  second,  that  they  shall  cause  no 
danger  from  fire. 

11 57.  In  lighting  bedrooms  the  fixtures  should  be 
located  so  that  the  bed,  wardrobe,  dressing  case,  mirror,  etc., 
may  be  placed  in  desirable  positions  without  interfering 
with  the  light.  The  positions  of  the  closets  should  be  noted, 
and,  if  practicable,  the  light  should  be  arranged  to  shine 
into  them,  so  that  the  contents  may  be  easily  seen. 

1158*  Dressing  mirrors  should  be  provided  with  two 
stiff  bracket  lights,  one  at  each  side.  They  should  be 
placed  as  high  as  they  can  conveniently  be  reached,  in  order 
to  properly  illuminate  the  head  and  shoulders  of  the  person 
using  the  mirror. 

1 159*  In  bath  rooms  the  lights  should  be  set  high,  so 
that  a  person  will  not  be  liable  to  strike  them  in  taking  off 
or  putting  on  clothing.  A  light  should  not  be  located  over 
a  bath-tub  or  a  wash  bowl,  or  anywhere  near  them,  because 
of  the  liability  to  accident. 

1160*  Stair^vays  should  be  provided  with  a  light  at 
the  top,  whether  there  is  one  at  the  bottom  or  not.  A  light 
on  the  newel  post  alone  is  not  sufficient  to  properly  illumi- 
nate the  steps.  People  having  defective  sight  are  especially 
liable  to  accident  on  stairways,  and  the  light  should  be 
arranged  so  as  to  avoid  all  shadows  which  might  prove 
deceptive. 
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1161.  A  kitcben  or  laundry  should  be  lighted  by 
pendants  whenever  practicable.  If  side  lights  must  be  used, 
they  should  not  be  placed  over  the  sink  or  near  enough  to 
it  to  be  liable  to  be  struck  or  be  splashed  with  water.  The 
best  place  for  a  side  light  is  usually  over  the  pastry  table. 

A  side  light  should  not  be  placed  over  a  set  of  tubs  if  it 
can  be  avoided.  A  better  place  is  at  the  head  of  the  ironing 
table. 

The  stairway  leading  from  the  kitchen  to  the  basement  or 
cellar  should  be  lighted  by  a  burner  which  is  located  some 
distance  away  from  the  foot  of  the  stairs.  If  the  light  is 
near  the  foot  of  the  stairs,  it  is  very  apt  to  be  struck  when 
large  articles  are  carried  past  it. 

1162*  Hallivays  are  best  lighted  by  a  pendant;  if  a 
side  light  is  used,  it  should  be  placed  where  it  will  not 
interfere  with  the  coat  rack,  or  mirror,  or  other  hall 
furniture. 

A  pendant  in  a  hallway  or  vestibule  should  be  set  so  high 
that  the  globes  will  not  be  liable  to  be  knocked  off  by  a 
person  who  is  putting  on  an  overcoat,  etc. 

1163*  Chandeliers  should  be  hung  from  the  center 
of  the  ceiling  as  nearly  as  practicable.  If  several  side  lights 
arc  used  in  the  same  room,  they  should  be  placed  at  the 
same  height. 

1 164*  Saving  brackets  should  not  be  used  for  light- 
ing hallways,  stairs,  vestibules,  or  other  passageways,  be- 
cause of  the  danger  from  fire.  The  light  is  very  liable  to  be 
swung  too  close  to  the  wall,  and  to  be  overlooked  until  the 
building  is  set  on  fire.  Swing  brackets  are  always  a  source 
of  danger  when  they  are  located  within  reach  of  woodwork 
or  drapery,  and,  therefore,  are  not  to  be  recommended  for 
general  use.  It  is  preferable,  in  most  cases,  to  use  instead 
two  single  lights  on  stiff  brackets,  or  else  a  bracket  having 
two  or  more  rigid  arms  with  fixed  lights. 

A  gas  fixture  should  never  be  placed  in  a  closet  (->r  other 
very  small  room,  if  there  is  any  chance  that  the  door  may 
be  closed  and  the  light  left  burning.     If  that  should  happen, 
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ic  temperature  would  rise  rapidly,  and  there  would  be 
■eat  danger  of  setting  fire  to  any  combustible  material  that 
light  be  in  the  room. 

Care  should  be  taken  in  locating  side  lights,  to  make  sure 
lat  wo<.«!en  duors  can  not  be  swung  bacic  against  them,  and 
scorched  or  set  on  fire.  Lights  should  not  be  placed 
lere  they  may  be  blown  out  by  strong  drafts  of  air,  or 
the  sudden  slamming  of  a  door.  A  gas-burner  when 
.tinguished,  with  a  full  head  of  gas  on,  is  very  dangerous. 

1165*     Hut-air  reiclsters  in  the  f!oor  or  wall  should 
e  carefully  avoided  in  locating  gas  fixtures.     If  a  light  is 
er  or  near  a  register,  it  will  flicker  incessantly,  and  will 
a  great  annoyance. 

1 1 66.  The  proper  Iieiictat  of  gas  lights  above  the  floor 
^nds  somewhat  upon  circumstances.  In  ordinary  dweil- 
s  having  a  ceiling  'J  feet  high  or  more,  side  lights  should 
B  placed  from  5^  to  G  feet  high.  Pendants  may  be  hung 
ora  G^  to  7  feet  from  the  floor.  If  the  rooms  are  large  and 
igh,  the  lights  of  chandeliers  may  be  placed  at  a  height  of 
to  8  feet,  or  even  more.  Of  course,  all  lights  above  7  feet 
igh  will  require  the  assistance  of  a  torch  or  step  ladder  to 
{ht  them. 

Side  lights  in  hallways  and  vestibules  of  churches  and 
milar  buildings  should  be  placed  at  a  height  of  at  least  7 
et. 

Low  lights  should  be  avoided,  because  they  are  tiresome 

the  eyes.  If  they  must  be  used,  they  should  be  provided 
ith  opaque  shades,  as  before  mentioned. 


COMPLAINTS  ANI>  REMEDIES. 
1167.  The  troubles  which  gas-fitters  are  commonly 
lied  upon  to  remedy  are  of  several  varieties. 
Z^eaks  are  liable  to  occur  in  any  part  of  the  pipe  system, 
in  the  fixtures.  Sometimes  strong  odors  of  gas  will 
ivail  even  when  a  careful  search  fails  to  locate  a  leak, 
times  the  gas  lights  will  jump  and  flicker  so  badly  that 
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they  are  almost  useless,  and  in  extremely  cold  weather  the 
gas  supply  sometimes  appears  to  freeze  up. 

The  atmospheric  burners  used  in  cooking  apparatus  will 
often  blow  back,  or  smoke,  in  a  most  exasperating  manner. 
Heating  stoves,  gas  logs,  etc.,  will  blow  back  and  burn  with 
a  yellow  flame  at  the  gas  inlet,  and  sometimes  will  puff  with 
sufficient  violence  to  extinguish  the  flame  and  let  the  gas 
pour  into  the  room  unchecked. 

Occasionally,  a  dissatisfied  householder  will  complain  that 
his  gas  bills  are  larger  than  at  the  same  season  any  year 
before,  and  will  request  the  gas  man  to  **come  and  see 
what  he  can  find  that  is  wrong. " 


LEAKS. 

1168.  Repairing  gas  leaks  is  a  dangerous  business, 
because  any  mixture  of  common  illuminating  gas  with  air 
in  the  proportion  of  13  parts  of  air  to  1  of  gas  will  explode 
if  it  comes  in  contact  with  fire  of  any  kind.  If  the  explosive 
mixture  be  richer  in  gas,  it  will  explode  with  proportionately 
greater  violence. 

Before  entering  a  room  which  smells  strongly  of  gas,  all 
lights  must  be  extinguished,  and  lighted  cigars  or  tobacco 
pipes  must  be  left  behind.  All  matches  should  be  laid 
aside,  because  the  workman  is  liable,  in  a  moment  of 
thoughtlessness,  to  strike  a  light  to  '*see  where  he  is,"  and 
thus  produce  an  explosion. 

It  the  place  is  very  dark,  and  a  light  is  required,  then  a 
coal  miner's  safety  lamp  should  be  used.  Even  these 
lamps  must  be  used  with  caution.  The  necessary  instruc- 
tions f(^r  handling  them  are  furnished  with  the  lamps. 

Occasionally  there  is  a  risk  of  being  suffocated  or  over- 
come by  the  gas,  and  the  gas-fitter  should  always  have  an 
assistant  within  sight  who  can  help  him  out  in  case  of  acci- 
dent. If  he  begins  to  feel  dazed  or  queer  while  breathing 
the  contaminated  air,  he  should  drop  to  the  fioor  and  make 
his  wav  out  on  hands  and  knees.  The  air  near  the  floor  is 
likely  to  he  nearly  free  of  gas,  thus  giving  him  a  chance  to 
breathe. 
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R'1169*  In  beginning  a  search  for  a  leak,  the  first  thing 
6do  is  to  shut  off  the  gas  at  the  meter,  or,  if  that  can  not 
!  reached  safely,  it  may  be  shut  off  at  the  curb.  Then 
e  windows  and  doors  should  be  opened,  and  every  effort 
lade  to  free  the   premises  from  the  presence  and  odor  of 

1  places  which  can  not  be  readily  ventilated,  such  as  the 
>cr  parts  of  closets,  small  hallways,  space  under  stair- 
fS,  etc.,  shoiild  be  thoroughly  fanned  out,  driving  out 
e  gas  inlo  the  air  currents  which  will  carry  it  off.  The 
B  between  the  floors  may  be  filled  with  gas,  and  some- 
tnes  it  is  necessary  to  make  openings  and  circulate  air 
irough  them  to  clear  out  the  gas. 

the  apparent   proportion  of  gas   in  the  air  does  not 

plainly  diminish  when  the  supply   is  shut  oil  at  the  meter, 

then  the  leak   is  probably  in  the  service  pipe  outside  the 

building.      It  may  be  that  the  leak  is  in  the  main,  and  that 

!  escaping  gas  follows  the  service  pipe  and  enters  the 

remises  through  the  pipe  hole  in  the  cellar  wall.     In  pervi- 

r  mai/i-  ground,  the  gas  from  a  leak  in  the  street  will 

metimes  follow  a  water  pipe  into  the  cellar.     This  is  most 

aly  to  occur   when   the  ground  is  frozen  hard,   because 

1  the  gas  escaping  under  the   street  can  not   rise  up 

1  the  ground  and  escape  from  the  surface. 

■   the   premises    are   cleared   of   the    odor,    the   gas 

lid  again  be  turned  on  at  the  meter, 

}170>     Ordinarily  the  leak  can  be  located  approximately 
F  the  odor  of  the  gas  which  again  escapes  from  it.     U 
is  no  plain  indication  of  its  source,  then  a  systematic 
1  must  l)e  made.     The  first  point  to  be  examined  for 
Uge,    in    the    system    of  house   pipes,   is  at    the    meter, 
occur  in  the  meter  casing  or  around  the  glass 
r  over  the  register  dials.     If  a  defect  is  found  here,  the 
r  should  be  removed  and  a  sound  one  put  in  its  place. 
,   leak  may  be  stopped   temporarily   by   the   use  of 
1  soap  as  a  cement,  but  this  can  not  be  depended  upun 
1    light   for   more  than   a  few  days.     The  meter 

ii--.'r 
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connections  should  then  be  examined,  and,  if  the  couplings 
are  found  to  be  leaking,  they  should  be  supplied  with  new 
washers.  The  gas  fixtures  should  next  be  examined,  taking 
care  to  ascertain  positively  the  tightness  of  every  cock  or 
key.  Leaks  may  occur  at  the  swing  joints  and  at  the  base 
of  the  burners,  but  these  will  be  perceptible  only  when  the 
fixture  is  in  use.  Chandeliers  and  pendants  should  be 
examined  at  the  connection  to  the  drop  nipple  overhead, 
and  at  the  ball  joint,  if  there  be  one. 

All  stuffing-boxes  on  sliding  or  extension  fixtures  should 
be  closely  examined.  Leaks  may  also  be  looked  for  at 
either  end  of  the  nipple  at  brackets  or  side  lights. 

If  no  leak  is  found  at  the  meter  or  fixtures,  then  the 
defect  is  evidently  in  the  pipes  or  fittings,  and  the  only 
practicable  method  of  finding  it  is  to  prove  the  pipe  system, 
as  directed  in  the  section  on  testing.     (See  Arts.  IIOI  to 

1103.) 

The  use  of  matches  to  detect  small  leaks  of  gas  is  a  dan- 
gerous practice;  they  should  never  be  used  in  any  place 
where  there  is  a  chance  for  escaping  gas  to  accumulate  and 
mix  with  air.  Smearing  the  pipe  with  thick  soapsuds  is 
more  certain  to  reveal  small  leaks,  and  is  free  from  danger. 

If  no  leak  can  be  found  upon  the  premises,  and  the  odor 
of  gas  still  exists,  it  is  probable  that  the  leak  is  in  some  other 
pipe  system,  and  that  the  gas  is  conducted  into  the  premises 
through  some  unsuspected  channel,  such  as  accidental  pass- 
ageways between  floor-beams,  rat  holes,  loose  spaces  around 
water  pipes,  etc. 

FLICKKRIXG    LIGHTS. 

1171.  Theflickeringand  jumping  of  gas  lights  are  caused 
by  the  presence  of  water  in  the  pipes.  The  liquid  accumu- 
lates in  sags  and  low  places,  and  fills  the  bore  of  the  })ipe, 
forcing  the  gas  through  it  in  a  series  of  bubbles.  As  each 
bubble  escapes  the  water  is  agitated,  and  the  lights  jump 
in  resj)()nse  to  the  momentary  fluctuation  of  pressure.  This 
trouble  can  be  remedied  by  emptying  the  drip  cups  and  taking 
care  to  thoroughly  drain  all  parts  of  the  pipe  system.    Some- 
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ines  the  deposit  of  wuter  will  be  found  in  the  fixture  instead 
[  in  the  supply  pipes,  especially  If  it  be  a  pendant  or 
Bandelier. 

I  A  similar  effect  is  caused  by  a  wet  meter  which  is  drowned, 
P  flooded,  by  loo  much  water.  In  this  case  the  troublejnay 
e  overcame  by  drawing  off  the  excess  of  water. 
I  Dry  meters  are  seldom  troubled  with  the  water  condensed 
I  the  pipes;  they  are  usually  provided  with  lra/>  screws,  so 
lat  the  water  can  be  easily  removed  when  necessary. 
^  The  apparent  freezing  up  or  choking  of  the  gas  supply  in 
txtremely  cold  weather  is  due  to  the  exposure  of  the  pipe  at 
some  point  to  a  draft  of  very  cold  air  or  to  a  freezing  wind, 
the  consequences  of  which  are  described  in  Art.  1  lOO. 


i:HOU.\GK. 

[1172.     When  gas  pipes  become  choked,   they  may  be 
wed  in  most  cases  by  blowing  them  out  with  compressed 


^Bearec 

^^F  An  ordinary  air  pump  is  used  to  compress  air  into  a  strong 
^^^orage  tank,  and  when  a  sufficient  pressure  has  been  accumu- 
lated, the  tank  is  connected  to  the  choked  pipe,  and  the  air 
is  discharged  into  it  as  sud- 
denly as  possible,  thus  blow- 
all  obstructions 
ieforc  it, 

tll73.     A     tiervlce 
s  shown  in  Fig. 

The  bulged  part,  or  base, 

^ms  an  air  chamber,  and 

■surmounted  by  a  comnnin 

■nd  pump,  which  forces  air 

Othcchamber.   Thelever 

ile  cock  near  the  bottom 

Is     to    the    gas-pipe   ■ 

The  duty  of  the  ;iir 

lamber  is  simply  to  store  i'|°-  **»■ 

cr  pressure,  so  that  whtrii  the  stop-cock  i 


opened 
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suddenly  a  large  volume  of  air  will  instantly  blow  through 
the  pipes. 

When  a  service  pipe  is  choked  or  trapped  with  water,  it 
is  disconnected  from  the  meter,  and  air  is  quickly  forced 
through  towards  the  main.  If  the  pipes  in  the  building  are 
choked,  the  gas  fixtures  affected  by  the  chokage  are  taken 
down,  and  air  is  rapidly  forced  through  their  supply  pipes, 
so  that  the  obstructions  will  be  blown  out  at  the  open  ends 
of  the  drops.  

SMOKY     LIGHTS. 

1 1  74.  The  smoking  of  ordinary  gas  flames  may  be  due 
to  defects  in  the  burner,  or  to  excessively  rich  gas.  Smoke 
is  produced  only  when  the  supply  of  air  is  too  small  to  burn 
the  carbon  in  the  gas. 

If  the  tip  fails  to  spread  the  flame  sufficiently  to  secure 
the  necessary  oxygen  for  good  combustion,  the  burner  will 
smoke. 

The  defect  may  be  in  the  tip,  or  it  may  be  that  the  pres- 
sure is  reduced  too  low  by  a  check  in  the  interior  of  the 
burner.  The  proper  remedy  is  to  provide  a  new  tip  having 
a  thin,  clean  slit,  and  if  that  does  not  properly  spread  the 
flame,  then  the  check  should  be  readjusted  or  removed  so  as 
to  increase  tlie  pressure. 

If  the  gas  smokes  because  it  is  extra  rich,  the  trouble  may 
be  remedied  by  providing  the  burner  with  a  glass  globe  or 
by  using  a  burner  having  a  chimney,  thus  securing  a  larger 
supply  of  air. 

STOVE    KURIVKRS,    KTC. 

1  176.  The  atmospheric  burners  used  in  cooking  stoves, 
etc.,  seldom  give  any  trouble  if  they  are  properly  propor- 
tioned and  adjusted.  If  the  mixing  tube  is  too  small,  the 
supply  of  air  is  apt  to  be  insulhcicnt,  and  to  be  imi)erfectly 
mixed  with  gas,  thus  causing  tlu;  burner  to  smoke. 

These  burners  frequently  become  foul,  and  sometimes 
beeonie  c*lo!Lj:ij:e(l  with  burnt  grease,  etc.  K:ich  hole,  or  jet, 
should  be  cleaned  by  inserting  a  wire,  and  the  mixing  tube 
should  be  inspected  and  cleared  of  all  lint  and  dirt. 
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The  trouble  with  gas  grates,  gas  logs,  and  similiar  gas 
hi-aters  is  that  they  will  sometimes  blow  and  snap  out  or 
i\tinguish  the  flame,  when  the  pressure  in  the  supply  pipe 
liccomes  unusually  low.  The  reason  for  this  is  that  the  air 
supply  remains  nearly  unchanged,  while  the  ga.s  supply 
'liminishcs;  thus  the  relative  proportions  are  altered  until  the 
mixture  becomes  explosive.  This  trouble  may  he  remedied 
liy  adjusting  the  burner  and  air  inlet  to  work  properly  at  a 
certain  minimum  pressure,  which  is  assumed  to  be  the  lowest 
that  will  occur,  and  using  a  pressure  reducer,  or  governor, 
to  maintain  the  supply  of  gas  to  the  heater  at  that  pressure. 


UBKBRAI.  IMPROVBMBKT. 

1176.  When  the  gas-6ttcr  is  requested  to  inspect  the 
gas-lighting  appiiratus  in  a  dwelling  or  other  premises  and 
to  "  fix  up  ■■  everything  that  appears  to  require  improvement, 

I  the  hope  of  reducing  the  consumer's  gas  bills,  he  should 
«gin  by  ascertaining  if  the  various  burners  are  supplied 
jrith  gas  at  a  sufficient  pressure.  This  can  be  done  by  light- 
Big  all  the  burners  that  are  ever  in  use  at  the  same  time. 
Including  all  cooking  and  heating  burners,  if  any.  The 
g>pearance  of  the  flames  will  show  whether  the  snpply  pipes 
■re  large  enough ;  if  still  in  doubt,  the  water  gauge  should 
e  applied. 

!  If  the  pressure  appears  to  be  too  low,  it  may  be  due  to  the 
let  that  there  is  a  pressure  reducer,  or  governor,  at  the  meter 
Mich  is  improperly  adjusted.  Sometimes  these  governors 
jiecorae  fouled,  causing  considerable  resistance  to  the  passage 
Egas.  By  opening  the  governor  valve  to  its  full  width,  or 
r  removing  the  governor  temporarily,  it  can  be  quickly 
pertained  whether  the  lack  of  pressure  is  due  to  the  smalt- 
I  of  the  pipes  or  to  the  resistance  of  the  governor. 
^metimcs  the  trouble  is  due  to  a  defeetive  meter.  The 
mdition  of  the  meter  can  be  judged  by  applying  two  water 
Iges,  one  upon  each  side  of  it,  as  previously  explained. 

1177.  Each  burner  should  be  supplied   with   a  volu- 
IKric  regulator.     These  will  save  so  much  more  gas  than  a 
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pressure  reducer  can  that  it  is  generally  advisable  to  put 
them  on. 

If  any  atmospheric  burners  are  used  for  cooking  and  heat- 
ing purposes,  the  governor  at  the  meter  should  be  adjusted 
to  give  the  pressure  most  suitable  for  their  use,  leaving  the 
volumetric  regulators  to  take  care  of  the  illuminating 
burners. 

If  there  is  no  governor  on  the  system,  the  pipes  leading 
to  the  stoves  should  be  supplied  with  one.  The  burners 
should  be  closely  inspected  and  cleaned.  Each  one  should 
be  provided  with  a  compound  cock  which  adjusts  the  air  and 
gas  inlets  at  the  same  time,  and  the  cock  should  be  so  ad- 
justed that  the  proportions  of  air  and  gas  are  at  all  times 
the  highest  that  can  be  used  without  snapping  back. 

Close  attention  should  then  be  given  to  the  condition  of 
the  illuminating  burners.  The  flames  should  be  as  large  as 
practicable,  and  should  be  perfectly  steady,  without  flickering 
or  hissing  noises.  The  outline  of  the  flame  should  be  smooth 
and  free  from  wavering  tongues  or  deep  notches.  The  color 
should  be  as  near  white  as  practicable.  If  the  flame  is 
yellow  or  dull,  suggesting  smokincss,  it  shows  that  it  is  not 
spread  out  sufficiently.  The  tip  should  be  replaced  with  a 
new  one  having  a  thinner  slit. 

The  question  of  illumination  should  also  receive  attention. 

Frequently  several  small  burners  arc  ust^d  to  light  a  room, 
when  one  or  two  large  burners  would  give  more  light,  with 
a  smaller  consumption  of  gas. 

Gas  lights  which  arc  used  only  a  few  minutes  at  a  time 
and  are  turned  down  during  the  intervals,  as  in  bathrooms, 
water-i^losets,  cellar  stairways,  etc.,  are  usually  very  wasteful 
of  gas,  and  a  saving  can  he  macU^  hy  employing  self-lighting 
hurners  in  all  sui^h  i)laces. 

It  is  to  th(*  interest  of  the  consumer  that  all  the  lighting 
and  heating  burners  upon  his  premises  be  thoroughly 
inspe(^ted  and  ])ut  in  good  order  at  least  once  every  year. 
When  the  inspection  is  made  annually,  it  requires  but  little 
time,  and  the  cost  is  small  compared  with  the  saving  that 
will  usually  be  made  in  the  gas  bill. 
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THE    DIFFERENT    KINDS   OF    GAS. 

1 1  7S.  Until  recent  years  only  one  kind  of  gas  was  used 
for  illuminating  and  heating  purposes,  and  that  was  obtained 
■  by  the  distillation  of  bituminous  coal.  The  demand  for  gas 
for  heating  purposes,  however,  became  so  great,  that  new 
processes  were  invented,  and  other  varieties  of  gas  have 
been  introduced,  so  that  now  all  forms  of  gaseous  fuel  are 
called  by  the  general  name  oi  gas. 

The  varieties  of  gas  now  commonly  used  areas  follows: 
ICoal  gas,  oil  gas,  water  gas,  producer  gas,  natural  gas, 
iCasoIine  gas  (or  carbureted  air),  and  acetylene. 

1 1 70.  Coal  gas  i.i  made  by  heating  bituminous  coal  in 
air-tight  boxes  or  retorts.  The  heat  breaks  up  the  com- 
binations of  hydrogen  and  carbon  which  exist  in  the  natural 
;Coal,  and  transforms  them  into  other  compounds,  most  of 
which  are  gaseous  at  ordinary  temperatures.  Among  the 
mew  compounds  thus  made  are  tar,  ammonia,  and  huI- 
|ibureted  hydroicen.  The  tar  condenses  in  the  apparatus, 
and  is  pumped  out.  The  ammonia  is  formed  by  the  union 
pf  hydrogen  with  nitrogen,  and  has  an  offensive  odor. 
Great  care  is  taken  to  condense  this  mixture  and  remove  it 
before  the  gas  leaves  [he  apparatus. 

The  worst  impurity,  however,  is  formed  by  the  union  of 
hydrogen   with  the  sulphur  contained  in  the  coal.     This  is 
palled  sulphureted  hydrogen.      It  is  one  of  the  vilest  smelling 
substances  known,  and  is  very  poisonous  to  breathe. 
The  odor  of   ordinary  coal  gas  is  due  mainly   to  small 

rscesof  ammonia  which  remain  in  it.  These  impurities  are 
Amoved  by  compelling  the  gas  to  flow  in  thin  streams 
trough  pans  filled  with  lime,  oxide  of^iron,  or  other  chemi- 
l^ta;  or  by  causing  it  to  bubble  through  bodies  of  liquid 
Irhich  have  been  charged   with  suitable   chemicals.      The 

>rmer  process  is  called  purification,  and  the  latter, 
lerabbinK-  The  chemicals  absorb  the  various  impurities, 
IrbUe  the  gas  undergoes  no  change,  except  cleansing. 
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1180«  Oil  ffas  is  made  from  petroleum  in  a  similar 
way,  or  from  almost  any  variety  of  animal  or  vegetable  oil, 
grease,  or  fat.  Even  oily  refuse  and  city  garbage  have  been 
used  successfully  for  the  production  of  gas. 

Good  illuminating  gas  can  also  be  made  from  wood,  peat, 
sawdust,  in  fact,  almost  any  kind  of  combustible  material, 
by  substantially  the  same  process. 

1181«  Producer  ffas  differs  from  the  coal  gas  com* 
monly  used  for  lighting  purposes,  in  having  much  less  com* 
bustible  matter,  and  in  having  a  large  percentage  of  nitrogen. 
The  average  quality  of  producer  gas  contains  10  to  15  per 
cent,  of  hydrogen,  and  20  to  30  per  cent,  of  carbon  monox- 
ide. These  constitute  the  combustible  part  of  the  gas, 
nitrogen  forming  about  40  to  60  percent,  of  the  total  volume. 
This  gas  burns  with  a  dull  reddish  flame,  and  its  value  for 
heating  purposes  is  about  one-fourth  that  of  an  equal  volume 
of  good  coal  gas. 

Producer  gas  is  made  by  burning  coal,  either' bituminous 
or  anthracite,  in  a  closed  furnace  with  a  supply  of  air  which 
is  purposely  made  too  small  to  permit  of  perfect  combustion. 
The  air  is  usually  supplied  by  a  steam-jet  blower,  and  the 
amount  is  regulated  so  that  it  is  barely  sufficient  to  convert 
the  carbon  in  the  fuel  into  carbon  monoxide,  CO.  The 
nitrogen  in  the  air  remains  unchanged,  and  passes  off  into 
the  gas  pipes  with  the  CO  as  an  inert,  useless  accom- 
paniment, merely  swelling  the  total  volume  of  the  product. 

1182.  Water  Ras  is  a  mixture  of  hydrogen  and  car- 
bon monoxide,  with  only  a  very  small  percentage  of  nitrogen. 
It  is  made  from  anthracite  coal  or  coke  and  steam.  The 
coal,  in  lumps  from  2  to  3  inches  in  diameter,  is  placed  in  an 
air-tight  cylinder  lined  with  firebrick.  It  is  ignited,  and 
blown  up  to  a  bright  incandescent  heat  by  means  of  an  air 
blast;  then  the  blast  is  shut  ofT,  and  a  current  of  dry  steam 
is  l)lown  through  the  mass  of  jrjowin^  fuel.  The  great  heat 
causes  the  steam  to  break  up  into  free  t)xy^cn  and  hydrogen. 
The  oxygen  combines  with  the  hot  carbon,  forming  CO, 
and  the  hydrogen   passes  along  with  it,  but  without  com 
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intng.     These  are  then  icd  off  through  suitable  pipes  to  a 

as  holder.  As  soon  as  the  incandescent  fuel  becomes  a 
ttle  dull,  or  cooled,  the  steam  is  shut  off.  and  the  fire  is 

[gain  blown  up  bright  with  the  air  blast.  The  operations 
blowing  up  and  making  gas  are  worked  alternately 
intervals    of    about    five    minutes,    until    the    fuel    is 

xhaustcd. 

The  fresh  gas  as  thus  made  contains  less  carlion  than  good 
lal  gas,  and,  consequently,  will  not  burn  with  as  bright  a 
ime.  It  burns  perfectly  in  heating  burners,  but  when  it 
to  he  used  for  lighting  purposes,  it  is  always  cnrkhed,  that 
,  made  richer  in  carbon.  This  is  done  by  vaporizing  a 
lantity  of  petroleum  by  heat,  and  injecting  it  into  the  h<)t 
IS  before  it  leaves  the  generator,  continuing  the  injection 

l&til  the  percentage  of  carbon  in  the  gas  is  raised  to  the 
isired  standard. 
Pure  water  gas  is  very  light,  having  a  density  of  about 

4  that  of  air.  It  has  very  little  odor  and  is,  therefore,  more 
ingerous  than  coal  gas,  because  a  considerable  leak  may 
[ist  without  attracting  much  attention.  In  the  process 
i  manufacture,  some  of  the  impurities  are  allowed  to 
imain,  so  as  to  give  the  gas  an  odor  which  is  plainly 
srceptible. 

1 1 83.  Water  gas  is  also  made  from  crude  petroleum  by 
a  continuous  process.  This  is  known  as  Archer  ijos,  from 
the  name  of  the  inventor  of  the  apparatus.  The  oil  is 
pumped  in  a  small  stream  into  a  red  hot  retort,  where  it  is 
(luickly  reduced  to  vapor  by  the  heat.  The  oil  vapor  is  then 
mixed  with  a  current  of  superheated  steam,  and  the  mixture 
is  driven  through  a  long  coil  of  very  hot  pi|>e.  The  oxygen 
of  the  steam  unites  with  the  carbon  of  the  oil,  forming  C<  i, 
and  the  hydrogen  is  set  free.  The  resulting  gas  is  perma- 
nent, and  is  of  high  value  for  heating  purposes.  It  is 
produced  at  a  pressure  of  8  to  10  pounds  per  square 
inch. 

1184.  Natural  gaw  is  obtained  from  holes  or  weH» 
which   are    drilled    in   the   earth.      It    is    found   in    large 
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quantities  in  the  vicinity  of  deposits  of  petroleum;  and  de- 
posits of  coal,  both  bituminous  and  anthracite,  are  always 
accompanied  by  greater  or  less  quantities  of  gas  of  a  very 
similar  nature. 

It  is  composed  mainly  of  a  compound  of  carbon  and  hy- 
drogen, and  is  called  llffht  carbureted  bydroffen.  This 
often  amounts  to  90  per  cent,  or  more  of  the  total  volume. 
Consequently,  it  will  develop  more  heat  per  cubic  foot  in 
burning  than  any  other  kind  of  gas  except  acetylene. 

Natural  gas  is  produced  at  the  wells  under  great  pressure, 
and  in  common  practice  the  pressure  in  the  street  mains  and 
distributing  pipes  is  allowed  to  be  very  much  higher  than  is 
usual  with  manufactured  gas. 

1 185.  Acetylene. — This  gas  is  a  compound  of  carbon 
and  hydrogen.  Its  chemical  symbol  is  C,H„  and  its  com- 
position is  12  parts  of  carbon  to  1  of  hydrogen  by  weight,  or 
02.3  per  cent,  carbon  and  7.7  per  cent,  hydrogen.  The  pro- 
portion of  carbon  is  extraordinary,  and  the  compound  ap- 
pears to  be  overloaded.  It  is  known  to  be  unstable,  and  the 
gas  is  liable  to  decompose  spontaneously  and  explosively, 
under  the  a(*ti()n  of  a  violent  shock  or  blow.  There  is, 
therefore,  some  danger  in  handling  and  using  it. 

Its  density  compared  with  tliat  of  the  air  is  .01,  and  its 
weight  at  .Vl'  V.  is  .0T:5  pound  per  cubic  foot.  It  is  without 
})er(\tptil)le  color,  and  it  has  a  strong  odor  like  garlic.  It  is 
poisonous  to  breathe,  in  about  I  he  same  degree  as  ordinary 
illuminating  gas. 

The  heat  which  it  is  i^apablc  of  developing  by  burning  is 
thcorctic^ally  1,0'.)0  hc:it  units  ])cr  cubic  foot. 

It  is  manufactured  by  an  indii'cct  j)roccss,  and  no  direct 
proi*(!Ss  suitable  for  (M)mmon  us(^  is  at  prrsent  known.  The 
first  st(*p  in  the  process  is  to  form  a  comi)oun(l  of  carbon 
with  cah^ium.  This  is  done  by  subject  ini;*  a  mixture  of  coke 
and  lime  to  tht»  intense  licat  of  .-ui  electric  furnat^e.  The 
prodiK^t,  which  is  called  Ccirbidc  of  Ccilcltini,  is  a  reddish 
brown  or  gray  mat(M-ial,  opacjue.  somewhat  crystaline,  and 
it  decom]>oses  water  like  ordinary  (juii^klime. 
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When  it  is  desired  to  produce  acetylene,  the  carbide 
of  calcium  is  put  into  water.  Both  materials  decompose. 
The  calcium  lakes  up  oxygen  from  the  water,  forming  oxide 
of  calcium,  which  is  common  quicklime.  The  carbon  com- 
bines with  the  hydrogen  of  the  water  and  forms  the  desired 
compound — acetylene.  Considerable  heal  is  given  off  during 
the  operation. 

Pure  carbide  of  calcium  will  yield  5.4  cubic  feet  of 
acetylene  per  pound;  but  the  commercial  material  is  im- 
pure, and  gives  in  practice  4^  to  4}  cubic  feet  per  pound,  at 
atmospheric  pressure. 

Acetylene  gas,  when  burned  in  oi'dinary  batswing  burners, 
gives  a  dull,  smoky  flame,  because  the  gas  is  not  spread  out 
sufficiently  to  secure  from  the  air  the  oxygen  required  to 
I    burn  the  carbon  properly. 

'  To  develop  the  full  illuminating  power  of  the  gas,  it  is 
I  necessary  to  greatly  enlarge  the  flame.  This  may  be  done 
by  using  a  burner  tip  having  the  thinnest  slit  obtainable, 
\  and  by  giving  the  gas  a  heavy  pressure — i  or  5  inches  of 
I    water  or  more. 

t  One  valuable  quality  of  acetylene  is  its  ability  to  fiirni.sh 
I  lights  of  very  small  size  but  of  great  brilliancy.  With  a 
[  properly  made  burner,  a  light  about  |  inch  in  diameter  can 
I  be  made  which  will  give  the  same  illumination  as  an  ordinary 
I  candle. 

I  Carefully  made  tests  show  that  acetylene  will  give  a  light 
I  of  340  candle  power,  when  burned  at  the  rate  of  5  cubic  feet 
I  per  hour;  while  good,  ordinary  illuminating  gas  will  average 
i  about  IC  candle  power  at  the  same  rate  of  consumption. 
W  A  flame  giving  a  tight  of  au  candle  power  will  consume 
L'id>out  i  cubic  font  of  acetylene  per  h"ur;  but  to  obtain  this 
Fnsult,  great  care  must  be  taken  in  the  constructiim  of  the 
Ibumer. 

W    Acetylene  can  be  reduced  to  liquid  form,  at  a  temperature 
Wt>f  60",  by  a  pressure  of  about  COO  pounds  per  square  inch ; 
nnd  it  can  then  be  stored  in  portable  steel  cylinders  like 
nbther  gases. 
■     It  corrodes  silver  and  copper,  and  the  compounds  thus 
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formed  are  explosive.  It  does  not  affect  brass,  iroo,  lead» 
tin,  or  zinc.  These  facts  should  be  borne  in  misMl  when 
constructing  apparatus  for  its  use. 

1 186«  Gasoline  ffas^  or  carbureted  air,  also  called 
air  Kas»  is  a  mixture  of  gasoline  vapor  with  air.  Thtpure 
vapor  is  so  rich  in  carbon  that,  in  order  to  bum  it  suc- 
cessfully for  lighting  purposes,  it  must  be  given  a  high 
pressure;  and  special  burners  must  be  employed,  as  for 
acetylene. 

The  pure  gasoline  vapor  contains  a  much  greater  amount 
of  carbon  per  cubic  foot  than  ordinary  illuminating  g^; 
and  in  order  to  burn  it  in  the  same  burners  and  at  the  same 
pressure,  it  must  be  diluted  with  air  until  the  proportion 
of  carbon  equals  that  in  ordinary  coal  gas. 

The  air  furnishes  a  part  of  the  oxygen  required  for  com- 
bustion, but  it  also  introduces  a  large  proportion  of  nitrogen, 
which  is  inert  and  useless  material,  being  incombustible; 
and  it  operates  to  reduce  the  temperature  of  the  flame  and 
thus  to  diminish  its  brilliancy. 

Gasoline  is  produced  by  distilling  crude  petroleum.  Its 
specific  gravity  is  about  .74  that  of  water.  It  is  really  a 
mixture  of  a  large  number  of  hydrocarbon  compounds, 
which  differ  slightly  in  their  chemical  proportions.  All  of 
them,  however,  will  change  from  the  liquid  to  the  gaseous 
form,  under  ordinary  atmospheric  pressure,  at  a  tempera- 
ture ranging  from  70°  to  100°.  If  a  tank  containing  liquid 
gasoline  be  opened  to  the  air,  the  liquid  will  all  pass  away 
in  the  form  of  gas.  The  rapidity  of  the  evaporation  will 
depend  upon  the  temperature,  being  very  slow  at  40°,  quite 
rapid  at  70°,  and  furious  at  212°;  and,  if  the  liquid  catches 
fire  in  any  way,  it  will  pass  into  gas  with  explosive  violence. 
The  burning  liquid  expands  enormously  and  is  very  difficult 
to  extinguish.  Gasoline  must  be  regarded  as  gas  in  a  liquid 
form,  and  it  should  be  clearly  understood  that  it  will  resume 
the  gaseous  form  whenever  the  opportunity  is  afforded.  The 
effect  of  leaving  a  can  of  gasoline  uncorked  is  exactly  the 
same  as  that  of  leaving  a  gas  cock  open ;  in  both  cases  the 
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rill  diffuse  throirgh  ihe  alinosphere  and  ft)riii  cx[)l(jsivi; 
|:iDixtiires, 

II  is  generally  regarded  as  a  dangerous  material  to  use  or 
I  handle,  but  Che  danger  arises  frcnn  tlie  recklessness  or 
I  neglect  of  tht  persons  using  it.  If  the  same  care  is  taken 
tto  keep  it  shut  up  as  is  taken  to  keep  coal  gas  confined,  it 
lis  no  more  dangerous  than  the  tatter.  A  tank  o(  gasoline 
■  should  be  treated  as  a  reservoir  of  gas. 

1187.  Gasoline  is  pnt  upon  the  market  in  several 
Igrades.  The  highest  grade,  sometimes  called  Mrlnter 
|>CU«ollnc.  will  evaporate  at  ordinary  temperatures  and 
Bleave  nothing  behind.  The  poorer  grades  contain  more  or 
ft  less  oil  which  will  not  evaporate  without  the  aid  of  heat; 
l.this  oil  collects  in  the  gas-generating  apparatus,  and  must 

t  removed  from  time  to  time.     It  is  usually  thrown  away, 

■but  it  is  very  similar  to  low-grade  kerosene,  and  will  burn  in 

;  manner  in  gasoline  stoves. 

The  quantity  of  gasoline  which  is  required  to  produce  one 

■thousand  cubic  feet  of  gas,  and  which  will  give  a  light  of 

Tl4  to  16  candles  (when  burning  at  the  rale  of  5  cubic  feet 

ler  hour),  is  about  4^  gallons  of  the  best  grade,  but  more  is 

Required  if  the  gasoline  is  of  a  lower  grade. 

GAS   MACHINR». 

1 188.  The  apparatus  used  for  making  illumiiiaiing  gas 
?om  gasoline  consists  of  three  parts:  a  generator  for  hold- 

ng  the  gasoline,  an  air  pump  for  forcing  air  through  the 
[eiierator,  and  a  mixing  device  for  mingling  the  air  and 
nipor  in  proper  proportions. 

[  The  vapor  is  made  by  simple  evaporation,  without  the  aid 
I  heat.  The  liquid  is  spread  out  in  large  shallow  pans,  and 
■eair  is  com|jelled  to  pass  successively  over  its  surface  in 
!  of  the  pans.  The  construction  of  the  evaporator,  or 
aerator,  is  shown  in  Fig.  4U1.  Three  pans  a,  b,  and 
e  employed,  sometimes  more,  and  all  are  enclosi-il  in  a 
a-tight  casing,  having  an  opening  /  in  the  side  for  the  iiilet 
t^\f  and  another  opening  at  d  for  the  outlet  of  gas.    Som? 
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parts  of  the  gasoline  evaporate  slowly,  and  it  is  necessary  to 
have  large  evaporating  surfaces,  so  that  a  proper  amount  of 
vapor  will  be  given 
off  when  the  lighter 
parts  of  the  liquid 
have  been  evapor- 
ated and  only  the 
heavier  parts  re- 
main. In  order  to 
increase  the  evapor- 
ating surface,  the 
pans  are  partly  filled 
with  cotton  or  simi- 
lar porous  materials 
which  absorb  the 
gasoline,  and  the  air 
is  forced  to  pass 
partly  through  the 
mass  uf  absorbent 
material.  A  com- 
mon practice  is  to 
arrange  some  capil- 
lary material  woven 
into  a  coarse  fabric 
m   the  zigzag   man- 

thit  the  air  will  be 
npellcd     to     flow 
tl  ereby  absorb  the 
attraction. 


1 1 89.  The  generator  is  charged  l>y  jjouring  the  gasoline 
down  through  the  ]ii]>e  c  into  the  npyxT  |iaii  c.  The  pii>e 
/thrcnigh  which  c  is  slipped  furms  an  outlet  Uibe  fnr  air 
wiiile  the  generator  is  being  Iilli:d  witli  gasniine.  When 
this  pan  becomes  full,  the  lifjnid  .iviTllo«-s  into  the  next 
pan  below,  and  thus  they  are  all  lill<:<l  siireessively. 
Shnuld  tile    bott<)n".    pan    become  too  full,  the  excess  may 
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I  be  pumped  out  by  altachinti  it  pump  to  the  tup  of  the 
[tulw  g. 

When  the  lighter  parts  of  the  gasoline  have  been 
I  evaporated  from  any  one  pan,  the  remainder  is  usually 
Kdropped   into  the  next  pan   below  by  opening  one  of  the 

■  cocks  //.  The  waste  liquid  collects  in  the  bottom  pan  and 
I'may  be  removed  from  time  lu  time  by  pumping  through  the 
[tube  g-. 

The  generator  is  buried  in  the  earth  outside  of  all  build- 
BingEi,  fur  fear  of  possible  explosions.  It  must  be  buried  deep 
lenough  to  avoid  all  risk  of  freezing;  because  at  temperatures 
■below  32°  the  liquid  evaporates  too  slowly  to  answer  the 
Ipurpose.  The  handles  of  ihe  valves  and  all  of  the  pipes 
needed  for  testing  and  filling  are  extended  upwards  to  the 
(Surface  of  the  ground,  and  are  protected  from  the  weather 

■  by  a  suitable  water-tight  box  and  cover.  It  was  formerly 
Bcustomary  to  place  the  generator  in  an  underground  vault. 

The  advantage  of  this  arrangement  was  that  the  generator 
s  fully  accessible;  but  the  construction  of  the  vault  in- 
pcreascd  the  total  cost  of  the  apparatus  so  much  that  the 
plan  has  been  nearly  abandoned.  The  buried  generators 
■peed  to  be  strongly  built  to  stand  the  pressure  of  the  earth 

tround  and  above  them. 

1190.  The  air  pump  may  be  of  any  variety  desired,  but 
ihe  kind  commonly  used  is  shown  in  Fig.  423.  It  closely 
jiesembles  the  wet  gas  meter  (see  Fig.  ^75)  in  construction 
nd  principle,  except  that  the  drum  is  rotated  by  power  so 
B  to  act  as  a  force  pump  instead  of  as  a  meter.  The  drum 
S  turned  by  means  of  a  heavy  weight  k  and  a  cord  which  is 
irotind  around  the  pulley  /.  It  turns  very  slowly,  even  when 
working  at  full  speed.  The  weight  is  required  to  be  wound 
p  at  intervals  of  three  to  four  days  or  more,  according  to 
Bie  demand  for  gas. 

I  The  pum]i  should  lake  air  from  some  place  which  is  never 
ftt   a   freezing   temperature,  because   cold    air    will    check 
■aporaiion  in  the  generator, 
iTbe  body  of  the  machine  is  filled  with  water   up   to  3 
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sertain  mark,  wUich  is  usually  visible  through  a  mica 
•ults-eyt.  The  water  evaporates  slowly,  and  must  be  re- 
plenished from  time  to  time.  The  air  is  driven  through  the 
ftiipe  M  to  the  generator  a,  and  returns  mixed  with  vapor 
■ough  the  pipe/. 

1191>  When  the  gasoline  is  cold,  or  is  nearly  spent,  it 
S  necessary  to  change  the  proportions  of  the  air  and  vapor 
[I  order  to  maintain  the  illuminating  power  of  the  gas  at 
[the  standard  desired.  Otherwise,  the  gas  will  be  too  rich, 
liat  is,  it  will  contain  too  much  carbon;  consequently,  it 
irill  smoke  in  summer  time,  and  will  burn  pale  and  blue  in 
rery  cold  wcalhi-r.  This  difficulty  is  sometimes  met  by 
King  adjustable  burners,  but  the  drawback  to  that  arrange- 
ment is  that  :ill  of  the  burners  must  be  adjusted  at  intervals, 
3  suit  the  varying  quality  of  the  gas. 

ising  device  is  used,  then  all  the  necessary  adjust- 
fnent  can  be  made  at  one  point,  and  ordinary  batswing 
fcurners.may  be  used  without  any  trouble. 

1192.     The  mlxlnic  device  consists  of  a  by-pass  |jipe 
,  connecting  the  air  pipe  m  with  the  gas  pipe/.      It  is  pro- 
vided with  a  cock  r,  having  an  index  and  pointer,  by  which 
t  can  be  adjusted  to  any  desired  amount  of  opening.     The 
bisir^  device  is  not  automatic,  but  must  be  adjusted  by 

ind. 
1  When  the  apparatus  runs  very  slowly,  or  stands  still  for 
I  while,  the  gasoline  vapor  with  a  direct  connection  will 
JKffuse  throughout  the  pipes  m  and  «  and  back  into  the 
lump.  The  mixer  is  then  useless.  This  trouble  may  be 
Kvented  by  means  of  the  regulator  shown  in  Fig.  423, 
Such  is  an  enlarged  sectional  drawing  of  the  regulator  b  in 
Hg.  482. 

\  The  gas  coming  from  the  generator  is  introduced  at  c, 
jnd  the  air  from  the  by-pass  pipe  is  brought  in  at  d.  Both 
nings-are  controlled  by  a  slide  valve  f.  The  gas  is  dis- 
narged  into  the  distributing  pipe  at  j^.  When  gas  ispass- 
Bg  through  the  niachiTic,  the  drum  a  alternately  fills  and 
npties,  rising  and  falling  in  the  water  tank  b  as  it  does  so. 
P.    U.—sS 
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When  it  rises  it  fills  with  gas  from  e  aod  fresh  air  from  d^ 
according  to  the  adjustment  of  the  by-pass  cock.  When  it 
reaches  the  top  of  its 
stroke,  it  moves  the 
lever  /  and  closes  the 
valve  /.  The  mixture 
within  the  drum  is 
thus  cut  off  from  all 
communication  with 
the  generator  or  the 
pump;  consequently, 
its  proportions  can  not 
be  changed  by  stand- 
ing for  any  length  of 
time.  When  the  drum 
sinks  to  the  bottom  of 
its  stroke  and  is  nearly 
empty,  it  moves  the 
lever  e  in  the  opposite 
direction,  and  opens 
the  valve  f,  thus  ad- 
mitting a  new  charge. 
The  water  in  the  tank 
gradually  evaporates 
use,  and  it  is  necessary  to  replenish 


1 193.  When  a  poor  grade  of  gasoline  is  used  in  making 
the  gas,  the  generator  gradually  becomi^s  clogged  with  an 
oil  which  will  not  evaporate  freely,  and  which  for  the  pur- 
pose of  gas-making  is  si>ent  and  useless.  This  is  generally 
pumped  out  and  thrown  away.  It  should  not  be  thrown 
into  a  drain  or  a  sewer,  because  it  will  fill  them  with  explo- 
sive gas.  It  should  not  be  thrown  into  a  stream  of  water, 
because  of  the  danger  from  fire  to  everything  adjoining  the 
water,  and  because  of  the  stench  to  which  it  will  give  rise. 
The  whole  trouble  may  be  avoided  by  using  a  better  grade 
uf  gasoline. 
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All  of  the  pipes  in  the  gas  apparatus,  and  the  house  pipes 
I  well,  must  be  kept  out  of  the  reach  of  frost,  and  if 
jbey  are  exposed  they  must  be  well  protected.  The  pipes 
fcust  be  graded  and  drained,  and  provided  with  drip  cups  in 
ne  manner  as  with  coal  gas,  etc,  A  low  pressure  is 
[enerally  used  throughout  the  system  of  distribming  pipes, 
",  therefore,  the  pipes  are  usually  made  a  little  larger 
1  for  coal  gas.  (See  Table  41,  Art.  1089.) 
[  The  apparatus  used  for  making  gas  from  gasoline  for 
lanufacturing  purposes  is  much  more  simple  than  that 
S^escribed  here.  The  air  is  supplied  by  a  common  steam 
pump  at  a  pressure  of  3  or  4  pounds  per  square  inch.  The 
gasoline  Is  contained  in  strong  vertical  cylinders,  which  are 
loosely  tilled  with  cotton  or  other  absorbent  fibers,  and  the 
lir  is  forced  through  the  mass.  The  temperature  of  the  air 
4  raised  a  few  degrees  by  the  process  of  compression,  and 
Die  warmth  aids  the  evaporation  of  the  gasoline.  The 
[nality  of  the  gas  is  maintained  at  any  desired  standard  by 
^mping  fresh  gasoline  into  the  generator  whenever  it  is 
iquired.  In  some  forms  of  apparatus,  the  evaporation  of 
t  gasoline  is  aided  by  the  application  of  a  moderate  steam 

When  gas  is  formed  by  the  aid  of  heat,  care  must  be 
taken  to  prevent  it  from  cooling  to  any  considerable  estent, 
because  a  part  of   it  will  then  condense  into  liquid   form 


PROPERTIES  OF  LIGHT. 

1104>     The   nature   of    light   is  the  subject   of  much 

iCUlation,  and  it  is  deemed  unnecessary  for  the  purpose  of 

a  paper  to  present  a  theory  of  its  constitution  or  origin. 

Iiig^ht  can  be  measured  only  by  its  illuminating  effects. 

i  it  can  not  be  absorbed  and  stored,  as  may  be  done  with 

heat,     quantitative    measurements     are     Impossible.     The 

methods  and  apparatus  for  measuring  the  intensity  of  light 

will  be  described  later. 
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INTENSITY. 

1195.  Light  diminishes  in  intensity  as  it  recedes  from 
the  luminous  body,  according  to  the  same  law  that  governs 
all  other  radiant  forces,  such  as  heat,  electricity,  sound,  etc. 

The  intensity  varies  inversely  as  the  square  of  the  distance 
-from  the  source  of  light. 

Thus,  if  the  two  equal  surfaces,  A  and  B  in  Fig.  424,  be 
illuminated  by  the  same  lamp,  A  being  2  feet  away  from  it 


PlO.  4M. 

and  B  4  feet,  then  B  will  receive  less  light  than  A^  in  in- 
verse proportion  to  the  squares  of  their  relative  distances, 
or  2'  :  4',  which  equals  \, 

That  this  law  must  be  true  is  evident  from  an  inspection 
of  the  figure.  The  light  which  is  intercepted  by  yl,  if  per- 
mitted to  proceed,  will  illuminate  an  area  at  B  which  is 
twice  as  high  and  twice  as  wide  as  A,  The  same  amount 
of  light  is  thus  spread  over  4  times  the  area  of  surface, 
and,  consequently,  it  can  have  but  one-fourth  the  brilliancy. 


PROPAGATION  OF  LIGHT. 

1196*  Light  proceeds  from  a  luminous  body  equally  in 
all  directions.  It  always  moves  in  straight  lines  unless  the 
medium  through  which  it  passes  varies  in  density.  Thus, 
if  it  passes  through  a  body  of  air  which  is  warmer  in  one 
part  than  in  another,  it  will  be  deflected,  and  the  object 
viewed  will  appear  out  of  its  true  position. 


REFRACTION. 

1197.  When  light  falls  obliquely  upon  a  plate  of  glass, 
its  direction  is  changed  within  the  interior  of  the  glass; 
this  change  of  direction  is  called  refraction.  When  the 
light  emerges  from  the  opposite  surface  of    the  glass,  its 


GAS   AND   GAS   FITTING. 


757 


direction  is  again  changed.  If  the  surfaces  are  parallel,  the 
light  will  resume  its  former  direction,  as  shown  at  A,  Fig, 
425;  but  if  they  are  not  parallel,  then  the  fiiy  will  be  per- 
maneotly  deflected  from  its  course,  as  shown  at  B  in  the 
same  figure.  Upon  entering  the  glass,  the  ray  of  light  a 
will  be  bent  or  refracted  to  the  line  //,  thus  making  a  larger 
angle  with  the  surface  of  the  glass  than  Ihc  original  ray. 
When  it  leaves  the  glass  it  will  be  again  bent,  but  to  a 
smaller  angle  with  the  surface  from  which  it  emerges.     If 


an  object  at  the  point  c.  in  either  case,  be  looked  at  from 
the  point  a,  it  will  appear  to  be  located  at  b. 

The  refractive  powers  of  glass,  ice,  crystals,  water,  oil, 
and  gas  differ  greatly.  Any  of  these  substances  may  be 
employed,  in  the  form  of  lenses,  to  concentrate  or  disperse 
light.  A  certain  variety  of  crystal,  called  Iceland  spar, 
refracts  light  twice  simultaneously,  causing  objects  seen 
through  it  to  appear  double. 


DISPBRSIUN  OF  LIGHX. 

1198.  Light  whi('h  is  scattered  in  many  directions  is 
said  to  be  dispersed.  Thus,  light  is  dispersed  by  reflect- 
ing it  from  a  roughened  or  corrugated  surface,  or  by  trans- 
mitting it  through  a  shade  or  screen  of  glass  having  a 
frosted  or  corrugated  surface. 

Light  which  is  transmitted  through  white  or  opal  glass  is 
not  dispersed,  but  is  merely  reduced  in  intensity.  Usually, 
however,  the  surfaces  of  such  shades  are  corrugated,  and 
more  or  less  dispersion  is  produced  thereby. 

One  of  the  best  materials  for  dispersing  light  is  frosted  or 
ground  glass. 
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When  light  falls  upon  a  mirror,  part  of  it  will  be 

turned  back  or  turned  aside  from 
/*  its  original  path.    This  change  of 
/      direction  is  called  refiection. 

The  proportion  of  light  which  will 
be  reflected  varies  with  different 
materials,  with  the  condition  of  the 
reflecting  surface,  and  with  the 
angle  at  which  the  light  strikes  the 
reflector. 
That  part  of  the  light  which  pro- 
ceeds from  the  lamp  to  the  mirror,  as  a  ^  in  Fig.  426,  is 
called  the  incident  ray,  and  the  part  which  is  reflected,  as 
b  r,  is  called  the  reflected  ray. 
Tlie  law  which  governs  the  di- 
rection of  the  reflected  ray  is  as 
follows: 

Tfie  angle  made  by  the  reflected 
ray  with  the  surface  of  the  mir- 
ror  will  always  equal  that  made 
by  the  incident  ray ;  that  is,  the 
angle  y*  always  equals  the  angle  c. 
If  the  mirror  is  curved,  as  in  Fig. 
427,  the  angles  are  measured  to  the  line  h  f,  which  is  a  true 

* tangent  to  the  curve  at  the  point 

by  where  the  ray  strikes  the  mirror. 


— i 


Fig.  487. 


/ 
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v^y _r."rz       1200.      Reflectors    should    be 

^^'zZz^i.i:^z.T_-Lr_r£"-  ^*^^^  ^^  brightly  polished  metal,  or 

of  silvered  glass  attached  to  a  metal 
frame  or  backing^.  The  silvered 
glass  will  not  endure  much  heat; 
consequently,  the  polished  metal 
should  be  used  if  the  heat  from  the 
KiG.  4'iH.  burners  is  likely  to  be  excessive. 

The  most  effect ive  reflectors  are  those  having  the  outline 
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f  a  parabola,  with  the  flame  at  the  focus.  All  of  the  rays 
Irhich  arc  received  upon  the  reflector  are  then  reflected  in  par- 
bl'lel  lines,  as  shown  in  Fig.  iiH.  The  angles  formed  by  the 
Fdolted  lines  a  J,  a  S,  a  S,  etc.,  are  all  equal :  consequently, 
Jie  volumes  of  light  reflected  through  the  spaces  enclosed 
f  the  dotted  parallel  lines  are  also  /* 

The  method  of  outlining  a  ^|  '  ^^V^"^ 

iflector  of  this  kind  is  shown  in  XZ. 
?'ig.  429.  The  first  things  to  be  *[-- 
iletermlncd  are  the  width  ^  r  to  be  "[J 
■given  to  the  reflector  and  what  pro-  ur—fa"  //' 

rtion  of  the   total  light  emitted  *'" 

hErom  the  flame  shall  be  caught  and 

■projected  forwards.     The  center  of 

Jie  flame  is  indicated  by  the  dot  n, 

i  the  lines  a  b  and  a  c  are  drawn 

D  as  to  include  the  desired  propor-  / 

1  of  light.     In   the    figure   the  p,r..  vjo, 

reflector  is  designed   to  reflect   three-fourths  of  the  total 
^ght. 

The  desired  width  ^  ■-  is  then  laid  off  upon  these  lines,  and 
fchc  points  b  and  c  are  established.  The  line // is  then 
Brawn  parallel  to  (ic,  and  the  distance/A  is  made  equal  u>ab. 
Now,  any  point  in  the  true  curve  b  cc  may  be  located  by 
icalcing  it  equally  distant  from  the  focus  a  and  the  line//; 
ihus,  the  distance  a  7  =  s7;  a  B  =  x  5,  etc.  The  distance 
from  a  to  the  apex  of  the  curve  at  e  is  exactly  one-half  of 
She  distance  a  t.  The  curve  thus  delineated  is  a  true 
liarabola. 

e  text-books  show  a  method  of  drawing  parabolas  by 
leans  of  a  T  square  and  a  string.  While  the  method  is 
ihftoretically  correct,  in  practice  it  is  unreliable  and 
worthless. 


1201*  Fig-  430  shows  a  parabolic  reflector  designed  for 
J  suH  light.  It  is  made  in  halves  which  are  separated  a 
listance  equal  to  that  between  the  centers  of  the  gas  flames 
"      J*. 


feo 
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Lai^e  and  expensive  reflectors  are  often  erected  with  very 
unsatiafactory  results.     The  trouble  usually  arises  from  the 
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fact  that  no  effort  was  made  to  adapt  the  shape  of  the 
reflector  so  as  to  produce  the  effect  desired. 

Heat  is  reflected  in  the  same  manner  as  Hg^ht,  and  it  fol* 
lows  the  same  law  of  intensity.  It  may  be  concentrated  by 
means  Of  parabolic  reflectors  more  effectively  than  by  any 
other  device.  

ILI,UMINATION. 

1202.  The  ideal  of  artificial  illumination  is  to  have  the 
light  coming  from  overhead,  and  to  have  it  so  thoroughly 
diffused  that  no  object  in  the  room  shall  appear  conspicu- 
ously brighter  than  any  other. 

While  it  is  impracticable  to  attain  this  ideal,  with  the 
means  at  hand  at  the  present  time,  yet  it  should  be  so  kept 
always  in  mind  that  mistakes  in  lighting  may  be  avoided. 

Lights  of  great  brilliancy,  such  as  electric  arc  lights,  not 
only  dazzle  the  eye,  but  frequently  produce  blindness. 
Oculists  strongly  condemn  them,  because  they  impair  the 
vision  of  persons  using  them.  The  trouble  is  due  mainly  to 
the  brilliancy  of  the  light. 

In  using  artificial  lights  for  illumination,  the  aim  should 
be  to  illumine  all  objects  within  the  ordinary  field  of  vision 
to  about  the  same  degree  of  brilliancy  as  that  afforded  by 
diffused  daylight.  Objects  which  are  lit  up  by  direct  sun- 
light are  usually  too  bright  to  look  at  continuously. 

The  flames  of  gas  burners  or  lamps  are  much  too  bright 
to  be  looked  at  directly;  therefore,  they  should  be  screened 
so  that  whatever  light  reaches  the  eye  shall  be  reduced  to  a 
moderate  intensity. 
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1203.  The  physiological  effect  of  a  light  which  shines  in 
I  the  eyes  of  a  person  who  is  looking  at  something  else  is  to 
f  produce  considerable  nervous  irritation  and  fatigue,  if  long 
['Continued.     Thus,  if  a  gas  burner  or  kerosene  lamp,  or  any 

I  bright  abject,  comes  within  the  ordinary  field  of  vision  while  ■ 
La  person  is  listening  to  an  address,  and  is  looking  towards 
Y  the  speaker,  it  will  cause  a  great  deal  of  uneasiness.  A  few 
[lights  misplaced  in  that  way  will  fatigue  an  audience  to  a 
[greater  degree  than  is  generally  supposed.  Therefore,  all 
L  lights  which  are  located  in  the  vicinity  of  a  person  address- 
[  jng  an  audience,  either  above  or  behind,  or  at  either  side, 
I  should  be  fully  covered  by  opaque  screens  which  will  pre- 
Ivent  any  light  from  passing  towards  the  audience. 

While  the  irritating  brilliancy  of  such  lights  may  be  miti- 
1  gated  by  means  of  globes  of  while  or  opal  glass,  yet  they 
I  continue  to  be  conspicuously  bright,  and  are  very  objeclion- 
lable.  The  best  result  is  obtained  by  using  opaque  screens 
I  which  reflect  the  light  back  upon  the  platform. 

For  similar  reasons  all  chandeliers  or  pendants  should  be 
Lhungso  high  that  the  lights  will  not  come  within  the  field 
l.of  vision  of  any  person  looking  towards  the  platform  or 
I  speaker. 

1 204.  Large  audience  rooms,  such  as  churches  and 
I  lecture  rooms,  can  be  illuminated  to  best  advantage  by 
■  means  of  groups  of  small  burners  which  are  located  near  the 
f  ceiling,  and  are  provided  with  proper  reflectors  to  project 
I  the  light  downwards.  These  sun  lights  may  be  arranged  in 
M  great  many  ways,  and  can  be  adapted  for  almost  any  kind 

;  service.     The  light  which  they  give  is  more  agreeable 
■Ihan  that  from  a  single  burner  of  equal  power,  because  it 
(proceeds  from  a   large  number  of  flames,   and  is  thus  so 
iliffused  that  the  shadows  are  very  so/f  or  indistinct. 

This  method  of  lighting  is  correct  In  principle,  and   it 

hfaould  be  employed  for  domestic  lighting  to  a  much  greater 

t  than  it  is  at  present.     While  there  arc  some  diffi- 

olties  in  carrying  out  the  plan  on  a  small  scale,  yet  these 

;t  as  a  stimulus  to  invention  rather  than  as  a  bar  to 
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improvement.  The  introduction  of  the  modem  high-power 
lamps,  such  as  the  Wenham  reg^enerative  and  the  WeUbach 
incandescent,  makes  it  very  necessary  that  great  improve- 
ments be  made  in  the  modes  of  distributing  and  diffusing 
light.  There  is  a  great  need  of  such  improvements  for 
domestic  illumination.. 

Flat  gas  flames,  when  turned  horizontally,  give  a  brighter 
illumination  to  objects  below  them  than  when  burning  in 
the  ordinary  erect  position.  The  gas  flames  in  overhead 
sun  lights  should  always  be  horizontal. 


AMOUNT  OP  LIGHT  RBQUIRBD. 

120?*  Rooms  having  dark  colored  walls,  or  having 
much  colored  drapery,  will  require  more  light  than  they 
would  if  finished  in  white.  The  white  walls  reflect  and  dis- 
perse the  light,  thus  aiding  the  general  illumination,  while 
colored  walls  reflect  less  in  proportion  to  the  brightness  of 
their  coloring. 

1206.  The  rule  commonly  used  for  computing  the 
number  of  ordinary  5-foot  batswing  burners  which  will  be 
required  to  properly  illuminate  a  church  or  other  large  room 
is  as  follows : 

Rule. — Divide  the  area  of  the  floor  of  the  room  by  40;  the 
quotient  will  be  the  number  of  burners  required. 

If  there  are  balconies,  etc.,  extra  lights  must  be  provided 
for  them  by  the  same  rule.  The  divisor  given  may  be  varied 
from  40  to  80  to  suit  smaller  rooms  such  as  are  found  in 
ordinary  dwellings.  The  reflection  from  the  walls  is  pro- 
portionally greater  in  small  rooms;  therefore,  a  less  number 
of  burners  is  required  in  proportion  to  the  actual  floor 
space. 

Example. — How  many  5-f()ot  batswing  burners  will  be  required  to 
properly  illuminate  a  church  having  an  auditorium  70  ft.  X  100  ft.,  and 
a  balcony  having  2,()(>0  square  feet  floor  area  ? 

fn  y  100 

Solution. — The  main  floor  will  require  -  —r-. —  =  175  burners,  and 

o  000 
the  balcony  will  require  — .:.     —  50  burners;  175  4-  50  =  225  burners. 

40  . 

Ans. 
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1207>     One  5-foot  burner  is  assumed  to  give  a  light  of 
I IC  candle  power.     The  amount  of  light  required  is,  there- 
fore, Ki  candle  power  to  a  floor  space  of  40  square  feet  in 
large  rooms,  to  80  in  small  ones,  or  .4  to  .2  candle  power 
,  -per  square  foot  of  floor  space. 


PHOTOMETRY. 

1208.  The  capacity  of  the  human  eye  for  the  percep- 
tion of  light   is  comparatively  small.      It  is  unable  to  per- 

1  ceive  very  faint  lights,  and  it  is  dazzled  and  confused  by 
I  lights  of  great  brilliancy.  Photographic  plates  are  affected 
1  by  faint  lights  which  are  invisible  to  the  eye;  thus,  photo- 
(  graphs  of  the  sky  reveal  a  multitude  of  stars  which  are  not 
'  visible  even  with  the  aid  of  the  strongest  telescopes.  The 
unaided  eye  is  unable  to  judge  of  the  relative  intensity  of 
'  various  lights  with  any  reasonable  approach  to  accuracy. 

1209.  The  art  of  measuring  the  comparative  intensity 
of  lights  is  called  photometry.   There  are  several  methods 

.  of  making  these  measurements — chemical,  electrical,  and 
I  mechanical,  each  of  which  is  peculiarly  suited  to  special 
I  cases.  The  method  employed  for  general  purposes  is  to 
}•  compare  the  illuminating  power  of  the  light  under  examina- 
I  tion  with  that  of  a  light  of  standard  intensity. 

1210*  The  unit  which  is  used  for  all  ordinary  measure- 
l  ments  is  the  light  given  by  a  sperm  candle  which  hums  at 
[■■the  rate  of  120  grains  per  hour. 

The  candle  is  burned  in  still  air,  and  care  is  taken  to  avoid 
ill  drafts  which  might  accelerate  the  combustion,  ami  thus 
^ary  the  brilliancy  of  the  light.  The  light  thus  obtained  is 
made  the  unit  for  comparison,    and   is  called  one  candle 

1211.  A  larger  unit  is  sometimes  used  for  measuring 
jrery  large  lights.  This  is  the  flame  of  a  certain  variety  of 
oil  lamp  called  the  Carcel  lamp,  and  the  unit  thus  derived 
B  called  one  Cared. 
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1212.  All  instruments  whicb  serve  to  measure  tb» 
comparative  brilliancy  of  lights  are  properly  called  photom- 
eters, but  only  those  which  are  suitable  for  measuring 
ordinary  gas  lights,  etc.,  will  be  described  here. 

1213.  One  of  the  oldest  of  these  instruments,  called 
the  Rumford  photometer,  is  shown  in  Fig.  131.     It  con- 


sists of  a  table  having  a  black  wooden  post  c,  standing  erect, 
as  shown,  and  a  screen  g;  which  receives  the  shadows  of  the 
post  that  are  cast  by  the  lights  a  and  />.  The  candle  a  is  the 
standard  light,  and  fi  in  the  light  wlinse  intensity  is  to  be 
measured.  The  lines  /i  c  and  i  e  make  exactly  equal  angles 
with  the  screen,  and  the  lights  are  moved  back  and  forth 
along  these  lines  until  the  shadows  ^  and y  appear  of  exactly 
equal  blackness.  The  powers  of  the  two  lights  are  then 
computed  by  dividing  the  square  of  the  distance  b  c  hy 
the  square  of  the  distance  a  r,  the  quotient  being  the  candle 
power  of  the  light  b. 

This  method  is  very  inaccurate,  and  is  not  to  be  recom- 
mended, because  the  eye  is  unable  to  compare  the  shadows 
*•  and  _/ with  the  requisite  accuracy. 

1214.  The  BuriMeii  photometer,  shown  in  Fig.  433, 
operates  upon  a  different  principle.  A  diaphragm  c  is 
illuminated  on  its'  opposite  sides  by  the  light  b  and  the 
standard  candle  (7.  The  observer  looks  down  through  the 
tube  c  into  mirrors  f  and  g,  and  thus  sees  the  reflection  of 
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res 


both  sides  of  the  ciiaphragm  at  the  same  time.  If  they 
appear  of  unequal  brilliancy,  the  sight-box  tf  is  moved  along 
the  bar  /i  until  they  become  equal.  The  candle  power  of 
the  light  6  is  then  found  by  dividing  the  square  of  the  dis- 


tance b  cby  the  square  of  the  distance  a  c;  usually  the  bar 
|iis  graduated,  as  shown,  so  that  no  calculation  is  necessary, 

1215.  There  are  two  methods  in  vogue  of  constructing 
e  diaphragm.     The  spot  diaphragm  is  shown  in  Fig.  i'i'A. 

The  center  n  is  a  disk  of  opaque  white  | 

»per.     The   ring  i  is  made  of  white 

taper  which  is  saturated  with  paraffin, 
^nd  is  translucent.     The  outer  part  { 

B  blackened.     When  this  diaphragm  is 

Lnequally   illuminated   on    its  opposite 
the   ring  ^   looks   darker,    or 

righter,  than  the  centers,  but  when  the  | 
Plumination  is  exactly  equal,  all  differ-  P'o-  '^■ 

KDce  disappears,  and  the  spot  a  becomes  indistinguishable. 

1216.  The  stor  diaphragm  is  shown  in  elevation  at  A. 
md  in  section  at  B  in  Fig.  i'ii.     It  consists  of  a  piece  of  white 

writing  paper  a  of  moderate 

'  thickness,     having      a      star- 

I  oimilU'  ^^•^P^'l   figure   cut   out  of  its 

\Ji^  Rlltn    center,    and   a    sheet  of  thin 


I 


white  writing  paper  r,  of  best 
quality,  which  is  doubled  so 
as  to  enclose  the  piece  ti.  The 
diaphragm  is  lightly  squeezed 
between   two   pieces  of  glass 
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b^  b.  Care  is  taken  in  cutting  the  star  to  make  every 
point  and  line  clear  and  sharp.  When  the  reflection  of  the 
diaphragm  is  seen  in  the  mirrors,  the  images  will  vary  in 
distinctness  if  the  lights  are  unequal.  The  sight-box  d  in 
Fig.  432  is  then  moved  along  the  bar  until  both  images  of 
the  star  appear  equally  sharp  and  clear. 

It  will  be  observed  that  the  methods  of  testing  employed 
in  the  photometers  described  are  quite  different.  In  the 
Rumford  method  the  observer  judges  the  equality  in  black- 
ness of  the  shadows  produced ;  in  the  Bunsen  method,  using 
the  spot  diaphragm,  he  judges  by  the  equal  brightness  of  the 
opposite  sides  of  the  diaphragm,  and  when  using  the  star 
diaphragm,  he  judges  by  the  equal  clearness  and  distinctness 
of  the  two  images  of  the  star. 

The  Rumford  method  has  been  discarded  for  the  more 
accurate  Bunsen  method.  Both  the  spot  and  star  dia- 
phragms are  widely  used;  but  the  star  diaphragm  is 
preferred  because  of  its  superior  accuracy. 


1217.  In  practice  the  distance  between  the  centers  of 
the  lights,  Fig.  432,  is  usually  made  100  inches,  and  the  bar 
is  graduated  according  to  the  following  table,  the  numbers 
given  being  the  distance  in  inches  from  the  center  of  the 
candle  flame  to  the  center  of  the  diaphragm  for  each  candle 
power: 

TABLE  42. 


1 

1 
50.00 

U 

23.17 

21 

17.91 

31 

16.22 

2 

41.42 

12 

22.40 

22 

17.57 

32 

15.02 

3 

36.01 

13 

21.71 

23 

17.25 

33 

14.83 

4 

33.33 

14 

21.09 

24 

1 0. 95 

34 

14.64 

5 

30.  \)0 

15 

20. 52 

25 

10.07 

35 

14.45 

(J 

'Z>iA)>> 

10 

20.00 

20 

10.40 

30 

14.28 

27.43 

17 

10.52 

27 

10.14 

37 

14.12 

8 

20.12 

18 

10.07 

28 

15.00 

38 

13.96 

0 

25.00 

'  10 

18.00 

20 

15.00 

39 

13.80 

10 

24.04 

.  20 

i 

18.27 

1 

30 

15.43 

40 

13.05 
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The  distance  x  (equal  to  a  c  in  Fig.  432)  for  any  candle- 
power  (c.p.)  for  any  distance  L  between  centers  of  the 
lights  may  be  computed  by  dividing  Z,  by  1  plus  the  square 

root  of  the  candle  power ;  thus,  x  = 

1  +  Vc.  p. 

1218.  Any  good  mechanic  can  construct  a  photometer 
like  Fig.  432,  which  will  be  sufficiently  accurate  for  all  ordi- 
nary purposes.  By  its  aid  he  can  investigate  for  himself, 
and  can  acquire  much  valuable  information. 

In  using  the  photometer  care  must  be  taken  to  prevent 
the  entrance  of  light  into  the  sight-box  from  any  other 
source  than  the  lights  which  are  to  be  compared.  A  screen 
of  black  velvet  should  be  suspended  behind  each  light  to 
prevent  any  light  from  being  reflected  towards  the  sight-box. 

It  is  not  necessary  to  have  a  darkened  room  to  operate  in 
if  the  instrument  is  properly  protected  with  curtains  and 
screens  of  black  cloth. 

In  testing  gas,  the  pressure  must  be  kept  uniform,  and 
the  rate  of  combustion  should  be  carefully  measured. 
Standard  candles  can  be  obtained  from  the  American  Meter 
Co.,  New  York. 

The  candle  power  of  ordinary  illuminating  gas  is  meas- 
ured while  burning  at  the  rate  of  5  cubic  feet  per  hour, 
under  a  pressure  of  .5  inch  of  water.  To  secure  very  exact 
measurements,  small  corrections  must  be  made  for  the 
temperature  of  the  gas  and  for  the  moisture  contained  in  it. 

The  candle  should  always  be  weighed  before  and  after 
each  test,  and  allowances  must  be  made  in  computing  the 
candle  power  of  the  light  under  examination  if  the  rate  of 
consumption  of  the  candle  varies  either  way  from  the 
standard  rate  of  120  grains  per  hour. 


ELECTRIC-LIGHT   WIRING 
AND  BELL  WORK. 


ELECTRIC-MGHT    WEIRING. 


FUNDAMENTAI.     PHISCIPLES. 

1219.     An  electric  current  may  be  produced  commer- 
cially by   means  yf  either  a  primary  battery  or  a  dyniimo- 

[■  electric  machine.     The  elementary  form  of  battery  is  simply 

La  vessel  .1,  Fig.  435,  containing 

[alkaline   or    acidulated    water, 

I  into  which  dip  two  plates,  one 

•of  which  C  may  be  copper,  and 

pthe  other  Z,  zinc.     If  two  wires 

Bbe   secured  tu   these  plates  and 

ftitheir  ends  brought  together,  a 

p^urrent  will  flow  through  thtm 
trom  the  copper  to  the  zinr, 
^nd  will  be  interrupted  when 
Jiey  are  separated.     The  top 

5  then  said  to  be  tht  posi  pio  «» 

tive  pole,  or  nuic^tlve  element,  and  the  zinc  the  negative 
lole,  or  poMltlve  element,  while  the  liquid  is  called   the 

EeJectrolyte.  The  path  of  the  current  from  one  plate 
Ihrough  the  liquid  to  the  other  plate,  and  through  the  wire 
othe  starting  point,  is  called  the  electrical  circuit. 

1220>     A  circuit  is  broken,  or  opened,  when  its  con- 
flicting elements  arc  disconnected  in  such  a  manner  as  in 
rent  the  current  from  flowing. 
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A  circuit  is  closed,  or  completed,  when  its  conducting 
elements  are  so  connected  as  to  allow  the  current  to  flow. 

A  circuit  in  which  the  earth,  or  ground,  forms  part  of  the 
conducting  path  is  called  an  earth,  or  a  grounded, 
circuit. 

The  external  circuit  is  that  part  of  a  circuit  which  is 
outside,  or  external,  to  the  electric  source. 

The  Internal  circuit  is  that  part  of  a  circuit  which  is 
included  within  the  electric  source. 

In  the  case  of  the  simple  voltaic  cell  mentioned  in  Art. 
1219,    the  internal  circuit  consists  of  the  two   metallic 

plates,  or  elements,  and  the 
electrolyte ;  an  external  cir- 
cuit would  be  a  wire  or  any 
conductor  connecting  the 
free  ends  of  the  electrodes. 


1221.  Conductors  are 
said  to  be  connected  in 
series  when  they  are  so 
joined  together  as  to  allow  the  current  to  pass  consecutively 
through  each.  For  example,  Fig.  4,'50  represents  a  closed 
circuit  consisting  of  a  simple  voltaic  cell  />,  and  four  con- 
ductors ^,  ^,  r,  and  d^  connected  in  scries. 

A  circuit  which  is  divided  into  two  or  more  branches,  each 
branch  transmitting  part  of  the  main  current,  is  a  derived, 
or  shunt,  circuit,  and  the  separate  branches  are  said  to 


h    ^ 


be  connected  in  parallel,  or 

multiple-arc.      An    exam- 

])le  of   a   derived  circuit,    of 

two  branches  in  [^arallel^   is 

shown    in     Fi^'.     4o7.       The 

main      current      Hows     lirst  ^ 

throui^h     tlic    coniluc^lor     a^ 

thi'n     (lividfs     bctwct-n      th(! 

branches  c  and  b,  and  finally  unites,  conipK-tiiiii^  the   circuit 

Ihroiij^h  the  conductor  d\  the   two  braiiclu's  c  and  r/ are  the 

(Mui(liict<>rs  which  are  connected  in  lyaralLI^  or  inultiple-are. 
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1222.     In  every  circuit  containing  a  battery,  there  is 

^t  all  times  a  tendency  fur  a  current  to  flow,  even  when  the 

circuit  13  open,  which   is  caused  by  the  fact  that  there  is 

always  an  electrical  pressure  acting.     It   is  as  though  we 

Sad  a  tank  full  of  water,  and  a  stop-cock  at   the  bottom 

»nimunicating  with  a  pipe.     The  pipe  represents  the  wire 

wf  a  circuit.     There  is  always  a  pressure  on  the  stop-cock, 

md,  directly  we  open  it,  a  current  of  water  fldws  through 

jjie  pipe.     The  a?nounl  nf  water  which  would  run  out  in  a 

(iven  time,  say  one  minute,  would  depend  on  the  size  of  the 

Jiipe;  if  it  were  nf  large  cross-sectional  area,  more  water 

^ould  flow  than  if  it  were  small,  because  the  larger  pipe 

ffers  less  resistance.     Another  condition   would  also  influ- 

incethe  rate  of  flow,  namely,  the  height  of  water.      If  the 

tank  were  very  high  above  the  outlet,  the  pressure  would 

B  great.     The  flow,  then,  of  water  depends  on  the  resist- 

ince  offered,   and  on   the  pressure   applied;    the   less  the 

distance  or  the  greater  the  pressure,  the  more  water  will 

E  forced  through.     The  same  holds  good  with  respect  to 

■lectricity.     If  the  resistance  of  the  circuit  is  low  and  the 

re  high,  a  large  current  will  flow;  if  the  resistance  is 

p'eat,  less  current  will  pass,  unless  the  pressure  be  raised 

Jto  such  a  point  as  to  overcome  the  increased  resistance. 

This  is  the  explanation  of  the  fundamental  law  in  electrical 

calculations,  known  as  Ohm's  l.,aw. 


1223.     Ohm's  l^aw.— The  strength  of  an  electric  cur- 
\t  in  any  circuit  is  liircclly  pritporlioual  to  the  electromo- 
force  deiieU'ped  in  that  circuit  ami  inversely  proportumnl 
'io  the  resistance  of  the  circuit  ,•  i.  e.,  is  equal  to  the  quotient 
arising  from  dividing  that  electromotive  force  by  the  resist- 


..^im's  law  may  be  expressed  thu: 


■1224.     The   three    principal    units    used    in   practical 
ilirements  of  a  current  of  electricity  are; 
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(a)  The  ampere,  or  ttu  practical  unit  denoting  the  rate 
of  flow  of  an  electric  current^  or  the  strength  of  an  electric 
current, 

(V)     The  ohm,  or  the  practical  unit  of  resistance. 

(c)  The  volt,  or  the  practical  unit  of  electrical  potential 
or  pressure. 

The  usual  form  in  which  Ohm's  law  is  given  is 

The  electromotive  force,  or  pressure  (  £" ),  is  here  expressed 
in  volts ^  the  resistance  ( ^ )  in  ohms^  and  the  current  (  ^)  in 
amperes.  

THB  AMPBRB. 

1225«  The  strength  of  an  electric  current  can  be  de- 
scribed as  a  quantity  of  electricity  flowing  continuously  every 
second;  or,  in  other  words,  it  is  the  rate  of  flow  of  electricity 
just  as  the  current  expressed  in  gallons  per  minute  is  the 
rate  of  flow  of  liquids.  When  one  unit  quantity  of  electric- 
ity is  flowing  continuously  every  second,  then  the  rate  of 
flow,  or  the  strength  of  current,  is  one  ampere  ;  if  two  unit 
quantities  are  flowing  continuously  every  second,  then  the 
strength  of  current  Vf^tivo  amperes^  and  so  on.  It  makes  no 
difference  in  the  number  of  amperes  whether  the  current 
flows  for  a  long  period  or  for  only  a  fraction  of  a  second ;  if 
the  quantity  of  electricity  that  would  flow  in  one  second 
is  the  same  in  both  cases,  then  the  strength  of  the  current 
in  amperes  is  the  same. 

THB  OHM. 

1 226.  The  unit  of  electrical  resistance,  now  universally 
adopted,  is  called  the  international  ohm.  One  inter- 
national ohm  is  the  resistance  offered  by  a  column  of  pure 
mercury  KXJ.:]  centimeters  in  length  and  I  square  millimeter 
in  sectional  area  at  \W  F.,  or  the  temperature  of  melting 
ice.  The  dimensions  of  the  column  expressed  in  inches  are 
as  fellows:  length,  41.85  inches;  sectional  area,  .00155  square 
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I  inch.     Hereafter,  the  word  "  international  "will  be  omitted, 
I  and  simply  the  word  "ohm  "  used;  the  internalional  ohm, 
I  however,  as  defined  above,   will  always  be  Implied  unless 
otherwise  stated. 

In  the  accompanying  table  are  given  various  data  respect- 
I  ing  the  copper  wire  used  in  electrical  installations.  In  the 
[  first  column  is  the  gauge  number  by  American  wire  gauge; 
\  in  the  second  column  is  the  diameter  as  measured  in 
I  mih  (one  mil =one  one- thousandth  of  an  inch);  the  third  ool- 
n  shows  the  area  of  cross-section  in  circular  mils.  It  is 
lal  to  adopt  this  method  for  a  round  wire,  instead  of  the 
\  old  way  of  expressing  the  area  in  fractions  of  a  square  inch, 
1  in  which  case  the  diameter  is  squared  and  the  product  niul- 
I  tiplied  by  .7S.54-.  as  explained  in  the  section  ox\  Mensuration. 
I  If  the  second  operation  be  omitted,  and  the  diameter,  a& 
I  measured  in  thousandths  of  an  inch,  be  only  squared  (or 
I  multiplied  by  itself),  the  result  is  e.\prcssed  in  circular 
\  thousandths,  or  circular  mils, 

ExAMVLB.— What  is  the  area  in  circular  mils  uf  a  wire  2}  in.  in 
I  diameter  ? 

.N.-21  in.  =  3,50(1   mih.     S^auO*  =  2,5U«  x  2,500  =  8.250,000 
I  circular  mils.    Ans. 

The  resistance  of  copi>er  wire  being  low,  a  unit  length  of 
fl.OOOfect  is  usually  taken  tn  tables  of  resistance,  and  this 
■unit  is  considered  in  the  eighth  column.     The  resistance  of 

I  given  conductor  increases  as  the  length  of  the  conductor 
liincreases;  that  is,  the  resistance  is  directly  proportional  to 
Ithe  length  of  the  conductor.     For  example,  if  the  length  of 

■  conductor  be  doubled,  its  resistance  will  be  doubled. 

1227*     The  resistance  of  any  length  of  conductor  may 
B  found  by  the  following  formula: 


R  =  the  required  resistance; 

/,  =  length  of  conductor; 

A'j=  resistance  per  1,000  ft.  of  conductor. 
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Rule. —  To  find  the  resistance  of  any  Ungth  of  win; 
\  divide  tluit  length  infect  by  lyOOO,  and  multiply  by  the  figure 
\  giving  the  resistance  of  that  wire  per  thousand  feet,  as  found 
\  in  Table  iS. 

EsAMPLK.— What  is  the  resistance  of  a  No.  4  wire  1.530  feet  in 
[  length  ? 

[iLUTioN.— The  resiBtance  per  1,000  feet  of  No.  4  wire  is.  from  the 
I  table,  aie  ohm  -  R,.  The  length  =  1..130  ft.  -  L.  Then,  by  the 
[   above  rormula,  the  required  r< 


1228.     The  resistance  of  a  given  conductor  diminishes 

as  its  sectional  area  increases;  that  is,  the  resistance  varies 

'ersely  as  the  sectional   area   of  a   conductor.      For  ex- 

I  ample,  if  the  sectional  area  of   a  conductor  be  doubled,  its 

I  resistance  will  be  halved. 

Example.— No.  8  wire  ha.s  a  resistance  of  .6S3  ohm  per  1,000  feet. 
'  What  will  be  the  resistance  o(  1,000  feet  of  a  wire  having  three  times 
[   the  sectional  area  of  Nn.  »  wire  ? 

Solution.— A  wire  three  times  the  area  of  No.  8  will  have  one-third 


I  Its  resistance,  o 


=  .317  ohm 


The  resistance  of  two  or  more  conductors  connected  in 

reries  (Art.  1221)  is  equal  to  the  sum  of  their  separate  resist- 

lances.       For  example,  if  four  conductors,  having  separate 

Iresistances   of   8,    12,    22,  and  34  ohms,    respectively,    are 

(.tennected  in  series,  their  total,  or  joint,  resistance  would  be 

B  +  la  +  22  +  34  =  76  ohms. 

1229.  The  mlcrnhm  is  a  unit  of  resistance  devised  to 
§  facilitate  calculations  and  measurements  of  exceedingly  small 
distances,  and  is  equal  to  one  millionth  { y^  jTrg)  of  an  ohm. 
,  to  express  the  resistance  in  microhms,  multiply  the 
istance  in  ohms  by  ),0110,(hh);  and,  conversely,  to  express 
Lhe  resistance  in  ohms,  divide  the  resistance  in  microhms 
tby  1,000,000.  For  example,  .75  ohm  =  .75  x  1,000,OUO  = 
[JflOiOOO  microhms;  or,  750,000  microhms  =  750,000  -^ 
1,000,000  =.75  ohm. 
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1 230.  The  megohm  is  a  unit  of  resistance  intended 
for  the  measurement  of  very  high  resistances,  such  as  the 
insulation  of  cables,  and  is  equal  to  one  million  (1,000,000) 
ohms.  Hence,  to  express  the  resistance  in  megohms,  divide 
the  resistance  in  ohms  by  1,000,000,  and,  on  the  other  hand, 
when  the  resistance  in  megohms  is  given,  multiply  by 
1,000,000  in  order  to  express  the  same  in  ohms.  For  ex- 
ample, 12,500,000  ohms  =  12,500,000  -^  1, 0(X), 000  =  12.5 
megohms;  or,  12.5 megohms  =  12.5  X  1,CKX),0<X)  =  12,500,000 
ohms. 

THE  VOLT. 

1 231  •  In  mechanics,  pressures  of  all  kinds  are  measured 
by  the  effects  they  produce.  Similarly,  in  electro-technics, 
potential  is  measured  by  the  effect  it  produces,  and  the  volt^ 
or  practical  unit  of  potential^  is  that  electromotive  force 
which  will  maintain  a  current  of  one  ampere  in  a  circuit 
whose  resistance  is  one  ohm.  With  a  known  resistance  in 
ohms  and  a  known  strength  of  current  in  amperes,  the 
electromotive  force  in  volts  is  determined  by  Ohm's  law, 
Art.  1223,  for,  by  transposing,  E  —  C  R. 


I>R(>P,    OR    LOSS,    OF    POTENTIAL. 

1232.  Referring  again  to  water  flowing  in  a  pipe, 
though  the  quantity  of  water  which  passes  is  the  same  at 
any  cross-section  of  the  i)ij)e,  \.\\ii  pressure  per  square  inch 
is  n(;t  the  same.  Even  in  the  case  of  a  horizontal  pipe  of  the 
same  dianieter  throughout,  th(Mvater  when  flowing  suffers  a 
A^.?5  of  head,  or  ])ressure.  It  is  this  difference  of  pressure 
that  causes  the  water  to  flow  bc;tween  two  ])oints  against  the 
friction  of  the  pi])e. 

This  is  i)r('cisely  simihir  to  a  (nirrent  of  electricity  fl(nving 
through  "a  coiuhu^tor.  Though  the  quantity  of  electricity 
that  flows  is  e(]ual  at  all  (M^oss-scctions,  the  electromotive 
force  is  by  no  means  the  same  al  all  points  along  the  con- 
duc^tor.  It  suffers  a  loss,  or  droj),  of  electrical  potential  in 
the  direction  in  whic:h   the  current  is  flowing,   and  it  is  this 
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difference  of  electrical  potential  that  causes  the  electricity  to 
flow  against  the  resistance  of  the  conductor.  Ohm's  lav  nut 
only  gives  the  strength  of  the  current  in  a  closed  circuit,  but 
also  the  difffrence  of polfntMl  \x\  volts  along  that  circuit.  The 
difference  of  potential  (c)  in  volts  between  any  two  points 
along  a  circuit  is  equal  to  the  product  of  the  strength  of  the 
current  (T)  in  amperes  and  the  resistance  (A*)  in  ohms  of 
that  part  of  the  circuit  between  those  two  points,  or  ^  =  f~A'; 
e  also  represents  the  /pssot  drop  of  potential  in  volts  between 
the  two  points.  If  any  two  of  these  quantities  are  Icnown, 
the   third    can    be   readily    found;     for,    by   transposing, 

f"=  -y;  and  A'  —  ^. 

EXAMPLE.^Fig.  438  represents  part  of  a  circuit  in  which  a  current 
of  3  amperes  is  flowing.     The 

_- 2- 5 ^ i resistance  from  a  to  *  is  1.5 

"  ohms;  from  b  \nc  is  2.3  ohms, 

and  from  r  t.>  d  is  3.0  oiims. 
Find  the  difference  of  potential  between  a  ami  b,  b  and  r,  c  and  li,  and 
between  a  and  d. 

Solution. — Since  e  =  C  R.  then, 

The  difference  of  potential  between  a  and  i  :^  8  x  1-fi  =  4.5  volts. 
The  difference  of  putenljal  between  b  and  ^-  =  8  x  3.3  =  6.»  volls. 
Thedlfferonce  of  potential  between  f  and  </=  3  X  !18  =  10.8  volts. 
The  difference  of  potential  between  aand(/  =  4.r)  + H.9+  10.8  =  32.3 
volts;  or,  in  other  words,  the  Ion,  or  drop,  of  potential  caused  by  .t 
I    current  of  3  amperes  flowing  between  a  and  d  is  23.3  volts. 

1 233.  I.i  a  great  many  cases  it  is  desirable  to  have  the 
I  current  How  from  the  source  a  long  distance  to  feed  lamps 
^  or  motors,  and  return  without  causingan  excessive  drop,  (ir 
loss,  of  potential  in  the  conductors  leading  to  and  from  the 
\  two  places.  In  such  circuits,  the  greater  part  of  the  total 
\  generated  electromotive  force  is  expended  in  those  lamps  or 
LfOOtors,  and  onlya  small  fraction  of  it  is  lost  in  the  rest  of 
V  the  circuit.  Under  these  conditions,  it  is  customary  to  decide 
Vnpon  a  certain  drop,  or  loss,  of  potential  beforehand ;  and  f  ri  mi 
■titat  and   the  current   calculate  the  resistance  of  the  two 


inductors;  for  R=  -p. 
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Example. — It  is  desired  to  transmit  a  current  of  5  amperes  to  a 
motor  situated  500  feet  from  the  source ;  the  total  generated  E.  M.  F. 
is  120  volts,  and  only  -f^  of  this  potential  is  to  be  lost  in  the  conductors 
leading  to  and  from  the  motor,  (a)  Find  the  resistance  of  the  two 
conductors,  and  {d)  the  resistance  per  foot  of  the  conductors,  assuming 
each  to  be  500  feet  long. 

Solution. — (a)  ^  of  120  volts  =  12  volts,  which  represents  the  //r^/, 
or  /oss,  of  potential  on  the  two  conductors.  Let  c  =  12  volts;  C=  5 
amperes,  and  ^  =  the  total  resistance  of  the  two  conductors.     Then, 

iT        12 
K  z=  ~~  =  -—  z=^  2.4  ohms.    Ans. 
C         5 

(d)  The  resistance  i>er  foot  of  any  conductor  is  found  by  dividing 

the  total  resistance  of  a  conductor  by  its  length  in  feet;  hence,  since 

2.4  ohms  is  the  resistance  of  two  conductors,  each  500  feet  long,  then 

2  4  / 

the  resistance  per  foot  of  the  conductors  =  pj — '-^prrz  =  .0024  ohm.    Ans. 

*  2  x500 

WIRING    FOR    INCANDESCENT    LIGHTS. 

1234.  In  Art.  1219,  reference  was  made  to  two 
methods  of  current  generation,  namely,  by  means  of  bat- 
teries and  dynamo-electric  machinery.  For  electric  lighting, 
the  only  practical  method  is  the  latter.  Current  is  generated 
by  revolving  coils  of  insulated  wire,  mounted  on  an  iron  core 
and  suitably  connected  together,  in  front  of  powerful  electro- 
magnets. The  power  for  this  purpose  is  supplied  by  a  steam 
engine,  or,  in  some  cases,  by  turbines,  when  steady  water- 
power  is  available.  The  current  is  led  to  the])lace  of  utiliza- 
tion, or  the  distributing  center,  by  means  of  heavy  copper 
cables  centered  with  some  insulating  substance,  such  as  gutta- 
percha or  rubber,  to  prevent  electrical  contact  with  the  sup- 
ports or  other  bodies  which  they  may  approach.  These  two 
materials  are  most  commonly  employed  for  the  insulating 
covering  of  electric  wires,  being  flexible  and  water-proof. 
Other  insulators  are  pa])cr,  oils,  ])orcchiin,  wood,  silk,  cotton, 
slu^llac,  ci)onite  or  hard  rubber,  i)araiTin,  mica,  glass,  and 
dry  air.  

CONDVCTOWS. 

I  2Ci5.  Conducting  (\'ii)les,  or  wiri^s,  for  any  system  of 
elcrtric  housc^-liirhtinj^  are  always  arrani/cd  as  a  closed  cir- 
cuit;   that  is,  one  wire  must  be  provided  to  convey  the  cur- 
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■  rent  to  the  lamps,  and  another  one  to  allow  it  to  flow  back 
Ito  the  starting  point.  It  is  not,  however,  necessary  to  pro- 
Ivide  one  set  of  wires  for  each  lamp  for  the  entire  distance. 
[  The  arrangement  should  be  somewhat  like  the  trunk  and 
I  branches  of  a  tree.  Heavy  wires  carry  the  whole  current 
Ifor  the  house  up  to  the  first  distributing  point,  and  wires 
Icontinually  branch  out,  becoming  smaller  at  each  such  divi- 
t'sion.  The  name  "lead" — pronounced  leed — is  frequently 
B^iven  to  the  conductors  in  a  house. 

1236.     Electric-light  conductors  for  inside  wiring  are  of 
I  two  descriptions — solid  and  stranded.  The  heavy  conductors, 
which  carry  the  whole  current  to  a  distributing  center,  are 
called  feeders,  and  arc  usually  made  of  stranded  wire  for 
[  the  sake  of  flexibility;  that  is,  they  are  composed  of  a  large 
I  number  of  interwoven  wires  of  small  diameter.     Fig.  439 
shows  the  construc- 
tion of  such  a  cable. 
The  wires  jc  project 
at  the  end,  the  insu- 
lation  being   all   re-  F"=  "" 
moved;  a  thin  sheet  of  rubber  r  is  first  laid  over,  then  a 
gutta-percha  compound  g,  and  over  this  a  covering  of  braid 
^  as  a  mechanical  protection.      For  smaller  conductors,  such 
as  mains  or  sub-mains,  a  solid  wire  may  be  used  for  the  core, 
the  insulation  being  of  the  same  description.      Fur  cunnec- 
l  tion  to  single  lamps,  a  double  flexible  conductor  is  used, 
ffuch  as  A  or  B,  Fig.  440.      The  core  of  each  is  formed  of 


Jiy    fine    wires   «'   insulated   with   rubber   and   braided. 
B  two  sets  of  conductors  are  then  twisted  together,  and 
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may  be  used  to  suspend  the  lamp,  or  they  may  be  laid  side 
by  side  and  braided  together. 

1237.  When  it  is  necessary  to  make  joints  between 
wires,  it  is  important  to  remember  that  the  work  can  not  be 
too  well  done.  Under  no  circumstances  should  a  joint  be 
left  unsoldered.  When  connecting  a  branch  line  to  the 
main,  the  insulation  is  cut  away  as  shown  in  Fig.  441 ;  the 

cut  should  not  be 
made  straight  down 
towards  the  wire  with 
the  edge  of  the  knife, 
forming  a  sharp  shoul- 
^^^"  ^^'  der  on  the  insulation, 

as  the  knife  is  very  likely  to  make  a  nick  in  the  wire,  and 
subsequent  bending  might  produce  a  crack  at  this  point. 
Such  a  fault  would  increase  the  resistance  locally,  and  cause 
heating,  and,  possibly,  fire  risk.  In  the  illustration,  the 
branch  wire  ^,  after  being  carefully  bared  of  insulation  and 
scraped  clean  with  sandpaper,  is  shown  wrapped  over  the 
the  main  ;;/  similarly  exposed.  This  operation  should  be 
done  with  a  pair  of  pliers  of  convenient  size,  and  the  turns 
of  /;  should  be  close  toj^ether.  The  joint  should  then  be 
soldered,  no  acid  being  used,  but  resin  only,  as  a  flux,  the 
reason  beinj2f  that  it  is  impossible  to  clean  off  all  the  acid 
after  the  joint  is  finished,  as  some  remains  in  the  crevices 
and  will  eventually  corrode  the  wire  and  break  the  electrical 
circuit.  When  the  joint  is  cool  the  wire  is  held  firmlv  bv 
the  solder;  all  the  exposed  wire  should  then  be  covered  by 
wrapping  rubber  insulating  tape  carefully  over  it,  continu- 
uVfT  across  a  short  distance  on  the  main  insulation.  When, 
however,  the   outer  covering  is  braided,  this  should  never 


4  ^  /  /  /  /  r:<-->^  /  /  /  /  />  ^ 


Fir..  442. 

extend  into  the  insulation  of  the  joint,  as,  when  exposed  to 
dampness,  the  moisture  is  likt*ly  to  penetrate  and  cause 
trouble.      It  may  here  be  remarked   that  it  is  not  so  easy  to 
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ake  a  resin  joint  as  one  on  whicb  acid  is  used,  which  ex- 
I  plains  the  disfavor  in  which  the  former  is  usually  held  by 
[  poor  workers.  Acid  removes  grease  from  the  wire,  such  as 
careless  workman  may  have  smeared  on  from  his  fingers, 
but  when  the  wire  is  not  handled 
after  cleaning,  resin  will  make  a  good 
joint.  An  alternative  method  is  to 
tin  both  wires  before  wrapping,  using 
acid  as  a  flux;  then  wipe  carefully, 
cleaning  thoroughly,  to  remove  all 
trace  of  acid,  and  wrap  over,  using 
pliers  to  bend  the  wire.  The  joint 
should  then  be  completed,  with  resin 
as  a  flux.  When  two  wires  are  to  be 
connected  together  to  form  a  con- 
tinuous conductor,  the  Western  Union 
joint.  Fig.  442,  is  employed,  the  wires 
being  twisted  one  over  the  other, 
soldered,  and  taped. 

HOl'SR   FIXTITRIIS. 

1238.  The  IncandCHcent 
lamp,  Fig.  443,  is  provided  with  a 
composite  base,  made  to  fit  in  a 
corresponding  socket  connected  with 
I  the  house-wiring.  The  filament  F  is 
made  of  a  thread  of  carbon,  which 
material  has  a  very  high  resistance. 
When  enclosed  in  a  vessel  from  which 
the  air  has  been  removed,  and  a  cur- 
rent passed  through  the  filament,  it 
gives  out  light.  Connections  are 
Ltnade,  as  shown  by  the  dotted  lines,  from  one  end  of  the 
litlament  to  the  outside  metallic  screw  sheathing  s,  and  from 
I  the  other  end  to  the  brass  plug  a  at  the  bottom.  The 
Isocket,  Fig,  444,  has  a  screw  shell  s  inside,  large  enough  to 
KTCceive  the  base  of  the  lamp,  and  at  its  center  an  insulated 
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tongue  t,  which  presses  againtst  the  [i\ii^  on  the  lamp  when 
the   latter    is    screwed    in. 
The   wires   supplying   cur- 
rent   are     connected,    one 
to  the  tongue  /  by  means 
(j£  the  screw  a  at  its  lower 
end,  the  other  to  a  similar 
screw    (not  shown)   on    ' 
lower  contact  strip  r.  When  , 
the  key  k  is  turned  into  the 
vertical  position,  as  drawn, 
the  bridge  b  completes  the 
circuit   between    the    strip 


c  and  the  sheathing  s,  press-  J 
ing  against  a  contact  piece  on  I 
the  lower  side  of  the  porcelain  I 
plate  f,  which  is  in  electrical  ] 
connection  with  s.  When  the  J 
key  is  turned  through  90°,  the  1 
contact  between  c  and  ^  is  | 
broken,  and  the  light  is  ex-| 
tinguished.  The  socket  may] 
be  suspended  from  a  flexiblel 
cord  (A,  Fig.  440)  attached  toJ 
a  ceiling  rosette  or  fixed  to  a 
bracket  or  electrolier. 

1239.     A    roMstce   pcn-1 
dant    is    shown   in  Fig.    446.  . 
The  leads  are   brought  to  the  J 
screws  s,  s,  on   the  insulating; 
base  b,  and  the  fixture  witet 
»re  also  secured  to  the  s 
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con  tact -blocks,  and  pass  down  inside  the  tube  /  to  the  lamp. 
A  casing  c  fits  up  against  the  base,  the  opening  at  the  lower 
end  being  larger  than  the  tube,  and  closed  by  a  washer  v> 
held  by  a  collar  l:  The  pendant  is  thus  free  to  swing  a  cer- 
tain amount,  being  supported  on  a  hook  h  passing  through 
a  loop/on  the  tube.  When  flexible-cord  suspension  is  used,  a 
knot  should  be  made  in  the  curd  inside  the  rosette,  and  also, 
if  practicable,  in  the  lamp  socket,  to  prevent  the  weight 
coming  on  the  connections. 


1240.  Combloatlnn  flxturuB  for  gas  and  electric 
light  are  frequently  installed.  The  fixturL-s  must  in  this 
case  be  insulated  from  the  gas 
piping  of  the  building,  a  joint 
being  used  such  as  is  shown  in 
Pig.  44B,  in  which  the  two 
metallic  unions  a  and  b  arc 
separated  from  each  other  by  an 
insulating  cement  c,  and  the 
whole  joint  further  protected  by 

covering   of   hard    rubber    or 
^milar    material    d.       No     soft 
tibber  must  be  used  in  the  con-  '"■   '"' 

ttruction.  At  the  point  where  the  wires  approach  the  fixture, 
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outer  sKell  at  the  point  of  entrance  must  be  large  enough  to 

allow  of  this.  In  Fig.  447,  the  arrangement 
of  wires  is  shown  with  relation  to  the 
piping  for  a  chandelier.  The  gas  pipe  g  is 
carried  across  between  the  floor -beams, 
and  the  insulating  joint  i  is  placed,  as 
already  indicated,  to  form  the*  connection. 
The  wires  are  brought  over  in  independent 
insulating  conduits  r,  c\  as  described  in 
detail  later,  and  inserted  through  the  tube 
/  surrounding  the  gas  pipe  g.  There  must 
be  between  these  at  least  a  quarter  of  an 
inch  clear  space,  to  conform  with  the 
insurance  regulations.  After  the  wires 
are  in  place,  the  hood  h  is  pushed  up 
against  the  ceiling,  and  secured  by  means 
of  the  collar  k  furnished  with  a  set-screw  s. 
It  is  necessary  to  examine  carefully  all 
edges  of  the  metal  shell,  that  any  rough 
parts  near  the  wires  be  smoothed  down. 
The  hood  when  in  position  must  clear  the 
wire,  and  not  press  it  against  the  insulating 
joint;  and,  to  guard  against  the  entrance 
of  moisture,  the  upper  end  of  the  fixture 
should  be  sealed. 


0 
0- 

SAFETY  CUT-OUTS. 

\\\  1241.     In  the  diagrams  of  lighting  cir- 

jT^^fc        cuits  in  the  following  pages,    symbols   as 
/^"^^^V'^V  given  in  Fig.  448  will  be  used. 
^^     ^^        Symbol  a  is  a  safety  plug,  or  cut-out. 

Symbol  ^  is  a  wall  switch. 
^--v  Symbol  r  is  a  thirty-two   candle-power 

(^\/  lamp. 

FIG.  448.  Symbol  d  is  a  dynamo. 

Symbol  c  is  a  sixteen  candle-power  lamp. 
Symbol  /  is   a   sixteen   candle-power   lamp  with  a    key 
socket. 


for  small  currents.  It  is  called  a  rosette  cut-out,  and  is 
principally  used  on  ceilings  where  a  lamp  drops  from  the 
supply  wires.  The  figure  shows  the  inside  view  of  the  two 
halves.  They  are  both  composed  of  porcelain,  upon  which 
metallic  connection  pieces  are  screwed,  The  half  B  is 
screwed  to  the  ceiling  through  the  holes  h  and  A,.  The 
ceiling,  or  supply  wires,  are  respectively  connected  to  the 
binding  posts /and  /,,  which  are  themselves  connected  to 
the  two  projecting  elastic  plates  of  metal  rand  d. 

The  half  A  has  two  projecting   metallic  pieces  m  and  n, 

i|rhich  hook  in  under  c  and  ti,  and  make  the  connections 

when  the  two  halves  are  put  together.     The  side  view  of  m 

lOr  M  is  given  at  f.     Upon  each  of  these  pieces  at  the  end 

that  rests  against  the  porcelain  is  a  binding  screw  s  or  x. 

wo  small  metallic  plates,  each  carrying  a  pair  of  binding 

Tews  /  and  i\  or  s  and  /,  arc  screwed  upon  the  porcelain 

;  diametrically  opposite  points,  and  the  lamp  conductors 

/*.  ;/— JO 
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entering  at  hole  o  are  connected  respectively  to  v  and  3. 
If  flexible  cord  is  used,  it  should  be  knotted  as  already 
explained.  Art.  1 239,  to  sustain  the  weight  of  the  lamp. 
Between  the  two  binding  screws  /  and  5,  as  well  as  between 
X  and  J',  are  respectively  connected  two  strips  of  a  fusible 
alloy.  This  alloy  melts  and  breaks  the  circuit  when  the 
current  increases  above  a  given  value. 

The  current  starts  from  one  supply  wire  and  flows  through 
d,  m,  and  the  alloy,  or  fuse,  wire  x  j'  to  s.  Then,  it  flows 
through  the  lamp  to  7;  through  the  fuse  wire  t  s  to  c,  and 
out  to  the  other  supply  wire. 
The  two  halves  are  connected  by 
a  screwing  motion  which  rubs  the 
contact  pieces  together, 

1243.  A  convenient  form  of 
fuse  is  shown  in  Fig.  450,  called  a 
plus  cut-out.  which  is  intended 
to  be  screwed  into  a  socket  simi- 
lar to  that  used  for  lamps,  and 
may  be  employed  on  branch  cir- 
^'^-  ^-  cuits  which  do  not  carry  a  heavy 

current.  The  screw  sheathing  s  and  plug  end  /  are  insu- 
lated fr<jm  each  other,  except  when  joined  by  the  fuse 
wire  /  which  is  soldered  between  them.  A  brass  cap  is 
screwed  on  the  larger  end  of  the  plug  at  <r  to  protect 
the  fuse. 

1244.     The  ordinary  form  of  detachable  fuse  is  shown 
in  Fig.  4.51,     The  contact  pieces  a  and  iare  made  of  sheet 

cop])er,  ;iiid  are  intended  to  .  . 

be  clampe<l  by  screws  to  the  ^^^M  »  W(n) 

cable  tips,  or  terminals,  at  ^i—— '  ^<f  L^ 

the  distributing    buses    or 

closets  where  tlie  ciiiTerent  circuits  branch  off.  A  strip  c  of 
fusiMe  lead  alloy  is  soldered  to  each  contact  piece,  its  cross- 
seclinn  beln^j  proportional  to  the  nia.xinium  current  to  be 
carried,  which  is  stamped  on  the  copper  ends. 


AND   BELL   WORK. 


1246.  A  good  form  of  connection  between  the  mains 
,nd  a  branch  circuit  is  illustrated  in  Fig.  452.  This  is 
^Down  as  a  branch  block.  ^ 
mains  may  be  con- 
^lected  at  in,  m'-,  the  wires 
Ipassing  under  the  project- 
ing ledges  /,  /'  and  the 
^ranch  wires  arc  secured  at 
The  fuses  are  held 
letween  the  screws  d  and  A, 
t  and  d.  To  prevent  dam- 
ige  when  a  fuse  "blows," 
»r  melts,  a  porcelain  cover 
B^lock. 


fitted   over  the  face  of  the 


1246.     For  the  large  currents  of  feeders,  or  mains,  a 
tpufele  porcelain   fuse  blixk,  as  in   Fig.    4,W,  is   used,    ihe 
sfrom  the  point 


_c 


of  supply  being  i 
serted  at  one  end, 
as  at  M,  in,  and  the 
line  continued  from 
the  terminals /«',?«', 
at  the  other  end. 
The  fuses  are  in- 
serted between  the 
screws  a  and  6,  and 
between  c  and  t/. 
SThe  two  sides  of  the  circuit  are  separated  by  the  partition 
',  80  that  all  danger  of  short-circuit  is  eliminated. 

1247.     As  a  guide  to  the  carrying  capacity  of  fuses,  the 

wing  table  may  be  consulted,  but  it  is  to  be  pointed  out 

lat  the  fusing  current  depends  upon  the  particular  propor- 

of  the  metals  used  in   the   alloy,  and  their  selection; 

ilso  on  the  length  of  fuse  and   the  character  of  the  ter- 
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TABLE   44. 

Diam.  in  Mils. 

B.  &S. 

Gauge  (approx.). 

Amperes. 

.017 

25 

3 

.020 

24 

4 

.032 

•20 

7 

.042 

18-17 

10 

.056 

15 

15 

.005 

14 

18 

.075 

13-12 

25 

.085 

12-11 

28 

.096 

11-10 

31 

.111 

9 

36 

.130 

8 

50 

.150 

7-6 

70 

81VITCHB8. 

1248.     A   tiwltcti   is   an   appliance   interposed   in    an 
electric  circuit  for  the  purpose  of  readily  and  without  dan- 


^ 


R" 


o  oie) 


1 


m 


I         (£Ell 


if-L M. 


C 


^ 


Vui.  4M. 


ger  opening  or  closing  that  circuit.  For  large  currents 
some  form  of  knife  switch,  such  as  that  shown  in  Fig.  454, 
is  employed.  The  two  copper  levers  /and  /^  carry  plates  of 
copper  in  the  shape  of  knife  blades,  shown  at  /•  in  the  side 
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view.  These  knife  blades  fit  between  elastic  metallic  plates, 
shown  in  perspective  at  r.  There  are  four  pairs  of  these 
plates  connected,  respectively,  to  the  metallic  pieces  a,  b,  c, 
and  d,  so  that  each  knife  blade  connects  with  two  pairs. 
The  levers  are  pivoted  at  p  and  /,,  and  are  moved  by  the 
handle  &. 

The  line  wires  are  both  cut,  and  the  ends  of  one  connected, 
respectively,  to  a  and  d.  while  the  ends  of  the  other  are 
connected  to  c  and  ii*.  It  will  now  he  seen  that  when  handle 
A  is  pushed  down,  the  circuit  is  complete;  but  when  A  is 
pulled  up,  the  circuit  is  broken  in  both  wires.  The  base  is 
of  slate  and  is  shown  at  w/. 

1249.  Pius  swltcbes  arc  frequently  used  for  the 
connection  between  the  house-wiring  and  the  street  mains. 
This  switch  consists  simply  of  a  conical  metal  plug  fi. 
Fig.  4fi6,  with  a  wooden  knob  k  for  a  handle,  and  is  pressed 


inrn 


into  contact  with  two  blocks  d,  b\  forming  part  of  the  con- 
ductor circuit,  and  mounted  on  an  insulating  base  ('secured 
to  the  wall. 

1250.     A  form  of  double-pole  switch  for  currents  up  to 

50  amperes  is  shown  in  Fig.  ioU.     The  positive  and  negative 

leads  are  brought  up  through  the  hole  in  the  base  b,  and 

connected  one  to  each  of  the  terminals  shown,  by  means  of 

the  screws  s,  s'.     The  leads  for  the  lamps  are  connected  in  a 

L  siinilar  manner  to  corresponding  terminals  on  the  other  side 

I  of  the  switch,  and  the  circuit  is  completed  by  forcing  the 

I  arm  a  into  contact  with  these  terminals,  thereby  bridging 
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r  the  gap  betwcL-n  ihein, 


The  rubber  knob  k  is  fastened 
to  a  pin  passing  verlicalla 
through  the  frame  /  and 
secured  to  the  springs  c,  4 
;it  the  lower  eml  in  such  J 
wny  as  to  form  a  toggld 
juint.     When  the  knob  qg 
drawn    upwards,   ' 
springs    are    compressee 
and,  on  passing  the  cented 
ihey    suddenly   force   thi 
contact   arm   dawnwanlq 
111  like  manner,  on  prcsa 
ing  the  knob  down,  contact  is  again  broken. 

1251.  Fig.  4o7  shows  a  doubie-pole  switch  for  sma) 
currents.  It  is  usually  fastened  to  the  wall,  the  screws  pa«  ' 
ing  through  the  base. 
The  cylinder  e,  made  of 
china  or  other  insulat- 
ing substance,  has  brass 
contact  plates  /  on  op- 
posite sides,  against 
which  press  brass  or 
copper  springs  when 
the  cylinder  is  in  the 
position  indicated  in  the 
cut.  Four  terminals 
are  provided,  lettered 
a,  b,  c,  d,  and  the  wires 
for  connection  to  them 
are  brought  up  through 
the  holes  in  the  base, 
one  of  which  is  visible. 


The 


Pia.  a'.. 
ling  wires,  positive  and 


negative,  are  connected  to  the  terminals  b  and  d,  and  the 
outgoing  wires  to  a  and  e.  The  springs  a\  b',  c\  A'  arc 
riveted  to  the  terminals  a,  b,  c,  d,  respectively,  so  that  when 
the  switch  is  turned  to  Ibe  position  shown,  the  cireuil  is 
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completed  between  terminals  a  and  d,  and  between  c  and  rf. 
A  quarler-iurn  breaks  the  contact,  for  the  springs  then  rest 
only  on  the  china  cylinder.  A  screw  cover  is  provided  to 
enclose  the  body  of  the  switch,  the  handle  alone  projecting. 

1 252.  A  single-pole  switch  may  only  be  used  for  a  few 
lamps,  as,  for  instance,  an  electrolier  or  the  lights  in  a 
small  room.  In  Fig.  458 
the  lead  is  brought  to  the 
screw  terminal  marked  a, 
and  the  wire  fmm  the 
lamps  is  secured  to  /',  the 
return  current  passing 
through  the  other  lead, 
which  is  connected  directly 
to  the  main.  When  the 
key  &  is  turned  throuj^h 
90°,  the  spring  J  ispres,-ied 
against  the  tongue  /,  com- 
pleting the  circuit  between  '■  I'" 
a  and  d.  Another  quarter-turn  releases  the  spring 
extinguishes  the  lights.  The  wires  arc  brought  to  the  con- 
tacts through  a  hole  A  in  the  base,  and  a  cover  is  fitted  over, 
as  in  the  case  of  the  last- 
mentioned  switch. 

1253.  Flush  Hwitch- 

BH  arc  so  called  because 
they  are  intended  to  be  let 
into  the  wall,  hardly  pro- 
jecting beyond  the  surface. 
The  mechanism  is  usually 
i>f  the  same  style  as  that  in 
Fig.  457  or  Fig.  458, but  the 
cover  is  simply  a  plate,  and 
the  body  of  the  switch  is 
concealed.  Another  form 
l-f  given  in  Fig.  459,  called 
a    fluHh    double     puata 
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819%'ltcti.  This  is  a  single  pole  switch,  and  is  operated  by 
pressing  one  or  the  other  button,  one  being  out  when  the 
other  is  in.  The  contact  lever  is  /,  which  is  forced  between 
the  brass  leaves  c,  c'  by  means  of  a  spring  and  toggle-joint, 
somewhat  as  in  Fig.  450.  One  wire  is  wound  around  the 
screw  s,  and  is  held  under  the  washer,  and  the  other  wire  is 
secured  in  a  similar  manner  on  the  other  side.  These  two 
ends  of  wire  belong  to  the  same  lead,  which  is  cut  at  the 
point  where  the  switch  is  to  be  inserted.  The  interior  of 
the  switch  is  protected  by  plates  which  are  fitted  over  the 
sides. 

The  external  appearance  of  the  usual  form  of  flush  switch 
is  simply  a  nickeled  brass  plate  on  a  wooden  block  let  into 
the  wall,  a  recess  being  provided  in  the  plate  for  the  key, 
which,  therefore,  projects  only  a  slight  distance  from  the 
level  of  the  plate. 

1 254.  When  connecting  up  switches,  great, care  must 
be  taken  to  enter  the  wires  at  the  correct  terminals,  and  the 
path  of  the  current  should  be  traced  through,  in  order  to  be 
sure  that  the  closing  of  the  switch  will  not  short-circuit  the 
system. 


CON^JECTIONS    FOH    IIVC ANOKSCENT    LAMPS. 

1  255.  There  are  three  methods  in  general  use  by  which 
electric  incandescent  lamps  are  connected  in  circuit,  name- 
ly, the  viultiplc-arc,  or  parallel^  system,  the  multiple-series 
system,  and  the  three-wire  system. 

Multiple-Arc  System. — Fig.  4r>0  shows  the  multiple- 
arc  system,  where   the   minus  conductor  a  h  and  the  plus 
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conductor  r  /supply  (uirrent  to  the  lamps  from  the  constant- 
potential  dynamo  d.  The  lamf)s  /,  /,  el(\,  are  connected  in 
paiallcl  l)(4wcen   the  two  condiutors,    and   the  amount  of 
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current  to  be  furnished  depends  directly  upon  the  number 
if  lamps  used.  Each  lamp  is  entirely  independent  of  all 
the  others,  and  its  extinction  does  not  affect  the  brightness 
of  the  rest. 

The  lamps  used  in  this  system  should  all  be  of  the  same 
working  voltage,  and  equal  to  that  maintained  between  the 
two  conductors.  If  the  E.  M,  F.  between  these  is  110  volts, 
only  110-volt  lamp.s  must  be  used. 

1  256.  Multlple-Serle»  SyMtem.—Pig.  4I!1  shows  the 
multiple -series  system.      Two  or  more  lamps  are  arranjiud 


s  groups,  and  these  groups  are  connected 
between  the  conductors  a  b  and  c  J".  Manifestly, 
lamp  is  burned  out,  all  the  other  lamps  in  that 
group  will  also  cease  to  glow.  To  obviate  this 
difficulty,  automatic  devices  which  close  the  cir- 
cuit across  the  lamps  have  been  used,  but  have 
not  given  complete  satisfaction.  A  diagram 
of  one  of  these  devices  is  shown  in  Fig.  4*i3. 
The  lamp  is  /,  m  is  an  electro-magnet  in  series 
with  the  lamp,  and  i?  is  a  lever  carrying  an 
armature  which  is  attracted  by  the  electro- 
magnet. When  the  current  flows  through  the 
lamp,  the  electro-magnet  is  energized,  and  the  O 

iver  a  is  held  up  tightly  against  its  stop  (-. 
len,  however,  the  lamp  is  burned  out  or  the 

lament    is    destroyed    from    any    cause,    the 
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magnet  releases  its  armature,  which  is  pulled  by  a  spring  s 
against  the  contact  y".  The  circuit  is  thus  closed  around 
bfad. 

If  there  be  200  volts  pressure  between  the  conductors, 
one  200-volt  lamp,  two  100-volt,  or  four  50-volt  lamps  may 
be  connected  across. 

This  system,  on  account  of  its  adaptability  to  lamps  of 
different  voltages  and  candle  powers,  is  occasionally  used  to 
light  stores  or  large  buildings. 

1257.  Three- Wire  Sy»tein.— Fig.  463  shows  the 
three-wire  system.     The  two  dynamos  d  and  d^  are  con- 
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nectcd  in  series,  the  positive  lead  of  one  beini^  joined  to  the 
nej2:ative  lead  of  the  other.  From  the  remaining  terminals 
of  the  machines,  the  main  leads  a  b  and  t"y"are  brought  out, 
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and  the  third,  or  neutral,  wire  r  ^  ia  connected  to  the  short 
lead,  already  mentioned,  which  joins  the  two  dynamos.  The 
lamps  are  connected  between  this  neutral  conductor  and 
either  of  the  outer  mains.  It  is,  therefore,  necessary  that 
the  E.  M.  F.  of  each  dynamo  should  be  the  same;  the  lamps 
of  one  voltage  may  be  used  throughout.  When,  as  in  the 
figure,  there  is  an  equal  number  of  lamps  on  each  side  of  the 
system,  it  will  be  observed  that  no  current  will  pass  through 
the  neutral  wire.  Considering  the  outer  wires  as  the  main 
conductors,  this  becomes  a  200-volt  system,  if  the  lamps 
used  are  for  100  volts;  for  each  of  them,  such  as  /  and  /,, 
would  require  an  E.  M.  F.  of  100  volts  at  its  terminals, 
m,  ri  and  «,  o,  making  a  total  E.  M.  F,  between  in  and  i>  of 
200  volts.  The  advantage  of  such  an  increase  in  voltage 
will  be  pointed  out  later.  It  is  not  possible  to  have  the  two 
sides  of  the  system  always  perfectly  balanced  in  practice, 
and  when  the  current  required  for  one  side  is  greater  than 
that  used  on  the  other  side,  the  difference  in  amount  will 
return  by  way  of  the  third  wire.  This  extra  current 
changes  in  direction  of  flow,  according  as  one  side  or  the 
other  has  the  larger  number  of  lamps  burning. 

It  will  be  seen  that  the  three-wire  system  is  quite  like  the 
multiple-series  with  groups  of  two  lamps.  There  is,  however, 
the  important  difference  that  when  a  lamp  on  a  three-wire 
system  burns  out  or  is  switched  off,  none  of  the  remaining 
lamps  are  affected. 

1 258.  Flexible  Two-Wire  Sjstem.— For  a  local  in- 
stallation the  three-wire  system  is  not  a  good  choice,  as  two 
dynamos  must  be  constantly  running;  but  when  there  is  a 
three-wire  city  supply  available,  a  combination  wiring  for 
the  two  systems  may  be  put  in,  the  private  plant  or  the 
city  mains  being  used  as  may  be  convenient.  This  arrange- 
ment is  known  as  the  flexible  twu-wire  system,  and  is 
almotit  identical  with  the  three-wire  system,  the  only  differ- 
ence being  that  the  neutral  wire  N,  Fig,  4U4,  is  made  double 
the  size,  in  sectional  area,  of  each  of  the  outer  wires.  When 
used  on  the  two-wire  multiple-arc  system,  the  connection  to 
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the  street  mains  m,  m,  m,  is  broken,  and  the  two  outer  leads 
are  joined  leather  and  to  one  terminal  of  the  dynamo  in  the 
building,  and  the  middle  wire  to  the  other  terminal  This 
may  be  accomplished  by  means  of  a  special  switch  S,  as 
shown  in  the  figure.  The  upper  contact-blocks  /,  S,  S  are 
connected  to  the  street  mains,  and  the  lower  two,  J  and  S, 
are  joined  together  by  a  copper  bar  c.  The  central  contacts 
6,  7,  8  are  connected  to  the  three  blades  of  the  switch, 
which  are  insulated  from  each  other.     When  the  switch  is 


thrown  upwards,  the  mains  a.  N,  b  are  put  in  communica- 
tion with  the  street  mains  m,  in,  m;  when  it  is  thrown 
downwards,  the  outer  mains «,  b  are  joined  together  through 
the  circuit  G-i-5-8\  and,  the  switch  S'  being  closed,  the 
leads  d,  I-  from  the  dynamo  D  supply  current  to  the  lamps 
throughout  the  whole  system,  the  heavy  wire  N  acting  as  a 
return  path  for  the  current  passing  through  the  two  outer 
mains  a,  b. 

1259.     There  is  an  important  consideration  to  be  re- 
membered  as   regards  the   E.    M,    F.   of  the  dynamo.     If 
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lamps  taking  110  volts  are  used,  the  E.  M.  F,  across  the 
ns  a,  h  for  the  three-wire  system  will  be  220  volts.  If 
the  drop  of  potential  {Art.  1 232)  be  5  per  cent,  from  street 
ins  to  lamps,  there  will  be  a  loss  at  full  load  of  :ib<jiit 
11.5  volts,  being  5.75  volts  in  each  main  ti  and  b,  the  neutral 
■wire  taking  no  current.  On  changing  over  to  the  two-wire 
system,  there  will  be  the  same  percentage  of  loss  in  each  of 
the  mains  a  and  h,  and  an  equal  loss  in  the  return  wire  N, 
being  a  total  dropof  11.5  volts.  Therefore,  the  dynamo 
ust  furnish  an  E.  M.  F.  of  110+  11.5=  121-5  volts,  al- 
though the  pressure  on  each  side  of  the  three-wire  system, 
at  the  street  mains,  is  only  110  +  5.75=  115.75  volts.  In 
this  case,  however,  the  neutral  wire  carries  practically  no 
current,  the  drop  being  confined  to  the  outer  maius. 

MBTHOUtt  OK  WIRING. 

26C>.  FecdBrt*  and  Maln». — Feeders  are  conduc- 
tors supplying  current  to  single  terminal  points  or  distribu- 
ting centers,  running  directly  from  the  source  of  current  to 
those  points  without  any  branches  or  other  connections 
throughout  their  length. 


o 

■o- 


Malflii  arc  condnciurs  which  are  tap[»cd  at  many  points 
for  supply  of  current  to  branch  circuits.     In  Fig.  405  the 
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heavy  lines  ab^  c  e  are  the  mains,  and  wi  »,  r/,  #«,  «„  r,/, 
are  the  feeders  extending  from  the  dynamos  d^  d^  to  the 
mains.  These  latter  are  tapped  at  any  desired  points  for  the 
branch  circuits  /,  /,  /. 

1201.  There  must  always  be  some  drop  in  potential 
along  the  conductors,  as  has  already  been  pointed  out,  but 
it  is  of  the  utmost  importance  that  the  drop  from  the 
dynamo  or  street  mains  to  the  lamps  at  any  point  of  the 
system  should  be  uniform,  so  that  all  the  lamps  may  burn 
at  the  same  degree  of  brilliancy.  If  the  drop  to  one  set  of 
lamps  were  2  volts,  and  to  another  set  5  volts,  then  when 
the  first  was  burning  brightly,  the  second  would  be  3  volts 
below  its  required  voltage,  and  the  lamps  would  appear  quite 
dim.  The  amount  of  drop  usually  allowed  is  about  five  per 
cent.,  and  this  is  divided  over  the  feeders  and  mains  and 
branches  according  to  their  length,  or  as  special  conditions 
may  warrant. 

1 202.  Connections  for  equallxinur  tbe  B.  M.  F. 

Loop  Circuits. — Fig.  466  shows  two  methods  of  preserv- 
ing equal  E.  M.  F*s.  at  all  points.  At  {v)  is  shown  a  loop 
circuit,  in  which  the  drop  from  the  dynamo-terminals  to 
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any  lamp  is  the  same.  It  will  be  seen  that  the  length  of 
circuit  through  cy  xha  for  the  lamp  /  is  equal  to  that 
through  c  n  z  h  a  for  the  lamp  Z^,  so  that  all  will  burn  with 
equal  brightness.  A  closed  loop  circuit  is  shown  at  (zf), 
one  feeder  from  the  dynamo  d  being  connected  to  the  inner 
ring  and  one  to  the  outer  ring.  It  will  be  understood  that 
this  is  diagrammatic  only,  for  in  practice  these  two  circles 
would  be  of  the  same  diameter,  insulated  from  each  other, 
of  course,  the  lamp  leads  being  connected  on  all  round  at 
the  required  points. 

1263*     Tap  circuits  are    those   wires   making  actual 
connection  to  the  lamps  from  the    sub-mains.     There  are 
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Fig.  4r)7. 
several  methods  of  arranging  these  wires,  the  simplest  being 
as  in  A^  Fig.  407.  This  may,  however,  result  in  the  further 
lamps  burning  quite  dimly,  if  there  are  a  number  on  the 
circuit.  A  better  method  is  />',  which  bears  some  resem- 
blance to  the  loop  system,  and  is  a  very  good  way  of 
arranging  the  leads.  A  third  method  is  C\  which  is  like  a 
feeder  and  main  on  a  small  scale,  and  J)  is  a  modification 
which  gives  better  distribution  of  pressure.  The  first  men- 
tioned may  be  used  when  the  number  of  lights  is  small,  and 
that  marked  C  for  double  the  number,  since  the  connection 
is  at  the  middle.  In  small  tap  circuits  it  is  not  usual  to 
allow  for  any  drop  of  potential,  since  the  wires  are  short  and 
the  loss  insignificant. 
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1264.  There  are,  broadly,  two  systems  of  house-wirtng, 
the  tree  system  and  the  eloset,  or  cabinet,  system. 

The  tree  system  is  illustrated  in  Fig.  468.  The  general 
distribution  of  wires  is  somewhat  similar  to  the  trunk  and 
branches  of  a  tree,  hence  the  name.     The  mains  a  i,  c/atc 


carried  through  the  buildinjj,  beinjj  heavier  at  the  lower 
end  which  carries  the  entire  current.  If,  however,  the 
mains  are  only  of  nnxleratc  length,  they  may  be  of  equal 
sL7,i-  Lhr.iugliout.  In  the  tap  circuits  the  rosette  cut-outs/,  /, 
etc.,  ;ire   similar  to   that    shown  in  Fig.    -l-l!!,  lamps   with 
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|tey  sockets  being  attached.     When  keyless  sockets  are  used, 
a  switch  such  as  in  is  placed  in  some  convenient  position. 
1265.     The  cln»et  system,  shown  in  Fig.  469,  is  more 
I  generally  used  than  the  tree  system.     Separate  feeders  are 


Fio,  mi. 

tnin  to  various  distributing  centers,  and  frum  these  points 

ihe  smaller,  or  lap,  circuits  start.     The  feeders  in  the  dia- 

|;ramarefi  iandcy,  making  connection  between  the  dynamo 

ind  the  closets  i  and  i,.     In  these  closets  the  wires  to  each 

Rgroup  of  lamps  are   branched   off.     The   two   distributing 

vlwards  may  iMth  be  arranged  in  one  closet,  unless  there  is  a 

■considerable  number  of  circuits,  making  a   double  closet 

F.    II-~st 
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desirable.  They  are  usually  lined  with  asbestos,  and  painted 
outside  with  insulating  paint.  Cut-outs  are  always  con- 
nected where  a  conductor  branches  off,  and  frequently  in 
the  leads  of  each  lamp.  On  entering  the  closet,  the  leads 
are  generally  separated  into  two  groups,  one  consisting  of 
the  positive  and  the  other  of  the  negative  wires,  in  order 
to  reduce  the  possibility  of  short-circuits.  The  placing  of 
switches  is  subject  to  convenience,  one  or  more  being  used 
to  control  the  lamps  for  each  room,  and  main  switches  are 
installed  for  each  floor  of  a  house.  One  large  switch  is 
always  located  at  the  dynamo  or  at  the  point  where  the 
wires  enter  the  building,  so  that  the  whole  system  may  be 
disconnected  when  required. 


1266.     The   tranMformer  Hystcm   is  sometimes  used 
in  house-lighting.     The  tranMformttr  is  a  stationary  piece 
of  apparatus  consisting 
,  of  two  insulated  coils  of 
wire,    surrounded    by 
a  mass  of  iron, the  whole 
enclosed     in    an  iron 
water-proof    case.    Fig, 
47lt.  The  insurance  reg- 
ulations    require     that 
the     transformer    be 
[)lace<l     iiutside     the 
iTHisi-,  and  it  is  usually 
lioltcd  to  the  outer  wall 
''■I''  ^'"-  iir  carried  on  a     near- 

by pole.  The  current  is  supplied  lo  mie  of  the  coils  at  a 
pressure  of  perhaps  2,501)  voli>,  and  the  house  current  is 
taken  from  the  terminals  of  tiic  ollu-r  cui!,  at  a  pressure 
siiilalik-  for  the  lamps.  The  lirst  of  tlics,-  coils  is  railed  the 
primary,  and  the  wires  are  sliown  Mf.  p'\  the  other  coil  is 
the  »i;c<m<lary,  and  its  terminals  are  indicateil  liy  the  let- 
ters s,  s.  In  this  transfornu-r,  fusible  i'ut-outs/,/are  pr<i- 
vi<l(.-d  for  the  primary  circuit,  in-iiig  inserted  fnun  the  lower 
end  of  the  cylindrical  corner  i)rarkets  uw  the  ease. 
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1267.     There  are   three   methods  of  running  electric- 

lighl  wires,  namely,  cltnt-work,  molding,  ^nAconceahd  work. 

Clvat'work  is  used 


/ft^^-TSc;^ 


B 


in  such  places  where 
appearance  is  of  little 
consequence,  as  in 
factories,  and  is  the 
least  expensive  meth- 
od of  running  wires. 
Cleats  are  narrow 
strips  of  wood  placed  fig.  471, 

at  regular  intervals  along  the  wall  or  ceiling,  arranged 
to  hold  the  wirus  in  position,  clear  of  each  other 
and  of  neighboring  objects.  Such  a  cleat  is  shown  in  Fig. 
471.  It  is  made  in  two  pieces,  the  lower  a  being  a  flat  strip 
half  an  inch  or  more  in  thick- 
ness by  about  an  inch  in  width  and 
four  inches  long;  the  cap  b  has 
1  grooves  across  its  lower  surface  to 
eive  the  wires,  which  must  be 
separated  at  least  %\  inches  to 
conform  to  the  requirements  of 
the  insurance  companies.  The 
cleat  is  secured  to  its  support  by 
means  of  screws  passing  through 
the  holes  s,  s.  Screw  cleats,  such 
as  that  illustrated  in  Fig.  A7'i. 
may  be  used  if  desired.  In  this 
style  of  insulator,  a  porcelain 
I  split  bushing  /-  is  put  over  the  wire  and  supported  by  a  metal 
clamp  in  two  pieces  tand  li,  held  together  by  a  screw  s.  A 
wooden  bushing  is  sometimes  substituted  fur  the  porcelain, 
[but  docs  not  provide  such  a  reliable  insulation. 

tZ68.  When  a  wire  crosses  another,  and  there  is  the 
I  full  E.  M.  F.  of  the  circuit  K-twccn  them,  extra  insulation 
I  is  required,  and  a  wrapping  of  rubber  tape  may  be  laid  on, 
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as  indicated  in  Fig,  473  at  a  and  b.  The  cleats  c  and  i/have 
three  notches  in  them  to 
receive  the  three  main 
leads,  and  are  correspond- 
ingly larger  than  the  two- 


■  wire  cleats. 


*      1 269.     When  the  wires 
are  to  pass  through  a  wall 
or     partition,     or     wooden 
Fio.  <ra.  beams,  they  must  he   pro- 

tected by  insulating  tubes  of  glass  or  porcelain,  or  some 
substance  that  will  not  support  combustion,  and  so  con- 
structed that  they  will  not  pull  out  of  place.  Such  a  tube  is 
shown  in  Fig.  474;  the  thread  on  the  body  b  enables  the 


insulator  to  be  screwed  firmly  into  place  by  means  of  the 
hexagonal  head  //,  which  has  a  shoulder  like  a  bolt  head, 
and  may  be  set  up  tightly. 

J  270.  When  the  house-service  wires  are  brought  mto 
the  buildingdircct  from 
an  overhead  line,  wall 
insulators  of  the  type 
of  Fig.  -irr.  shniild  be 
used.  It  will  be  noticed 
tliiil  the  'nitLT  end  pro- 
jects downwards,  and 
the  Ifcnd  thus  given  to 
the  wire,  called  a  drip 
hMip,  will  cause  the  rs 
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to  fall  off  at  a,  which  would  otherwise  creep  along  the  wire 
into  the  house. 

1271.  In  breweries,  dye-houses,  etc.,  the  wires,  being 
subject  to  dampness,  must  be  separated  at  least  six  inches, 
and  water-proof  keyless  sockets  should  be  used  for  the  lamps. 
In  paper-mills,  sawmills,  etc.,  which  present  extra  fire 
risks,  no  switches  should  be  used.  The  smallest  size  of  wire 
allowed  for  cleat  work  is  No.  12  B.  &  H. 

I  272.  Molded  work  is  a  style  of  wiring  more  orna- 
mental than  cleat  wurk,  and  is  generally  used  in  houses  in 
which  no  provision  has  been  made  for 
accommodation  of  the  wires  at  the  time  { 
of  building.  The  molding  is  made  of 
pine,  cut  into  lengths  of  ten  feet,  and 
consists  of  two  parts,  one  of  which  b. 
Fig.  476,  is  called  the  base  or  ntold,  and  is  piovided  with 
longitudinal  grooves  to  hold  the  wires,  and  the  other  part  r 
is  called  the  cappmg,  which  is  intended  to  hold  the  wires  in 
place  and  present  a  finished  exterior.  For  this  reason  the 
capping  is  usually  ornamented  to  correspond  with  Ihe  dec- 
oration of  the  room.  The  base  is  screwed  in  position  first. 
being  held  by  the  flat-head  screws  s,  s,  and  the  capping  is 
then  fitted  over  and  secured  by  round-head  brass  screws  s' ; 
iron  screws  would  not  kwik  well.  Particular  care  should  be 
taken  that  these  screws  do  not  touch  the  wires  or  damage 
the  insulation,  as  a.  fault  might  thereby  develop  which  would 
cause  trouble  or  even  fire  risk.  The  wires,  if  positive  and 
negative,  should  be  separated  a  distance  of  at 
least  half  an  inch  from  each  other.  Molding 
must  not  be  used  in  places  where  there  is  damp- 
ness, and  should  in  every  case  have  at  least  two 
coats  of  some  water-proof  paint,  or  be  otherwise 
treated  so  as  to  be  impervious  to  moisture. 

1 273>  It  is  usually  desirable  to  have  mold- 
ing arranged  so  as  to  be  unnoticeabic.  It  may 
frequently  be  set  as  a  border  to  the  wall  paper. 
or  used  instead  of  picture  molding,  the  hookif 
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being  attached  in  the  ordinary  manner  over  the  edge 
of  the  capping,  Fig.  477.  When  molding  is  required  at  only 
one  side  of  a  room,  and  an  unsymmetrical  appearance  is  to 
be  avoided,  dummy  molding,  carrying  no  wires,  may  be 
employed  to  produce  the  desired  effect. 

1274.  Concealed  Work. — This  is  the  most  satis- 
factory method  of  wiring  a  building,  and  consists  in  pro- 
viding  a   complete    network   of   tubing,   laid   beneath    the 

plaster  of  the  walls,  between  parti- 
tions, and  under  floors,  to  receive  the 
wires  at  any  time  and  allow  of  their 
removal  if  necessary.  Such  a  sys- 
Fio.  478.  i^em  Qf  tubing  is  known  as  Interior 

conduit.  The  tubing  is  made  of  papier-mache,  which,  by 
treatment  with  a  bituminous  solution,  is  rendered  water- 
proof and  insulating.  In  appearance  it  is  like  Fig.  478,  and 
is  made  in  all  sizes  from  ^-inch  inside  diameter  to  1  J-  inches, 
in  lengths  of  about  ten  feet.  Joints  are  made  by  carefully 
smoothing  the  ends  of 
two  pieces  so  that  they 
will  make  a  close  butt 
joint  with  no  rough 
edges,  and  threading 
them  into  a  metal  sleeve,  which  is  then  compressed  into  the 
tube  by  means  of  a  special  tool.  The  joint  then  appears  as 
shown  in  Fig  471).  The  conduit  is  also  made  with  a  sheet- 
brass  covering,  for  protection  against  rats  and  mice.  An- 
other form  is  that  of  an  iron  tube  with  an  insulating  coat 
on  the  inside,  and  screwed  joints  between  different  lengths. 
Wires  of  opposite  polarity  may  be  phux-d  in  these  iron- 
arniored  conduits,  but  the  pa])ier-niache  tubes  may  contain 
only  one  wire  each.  The  tubes  are  secured  in  place  by 
metal  stai)les  or  brass  clips  A  staj)le  driver  should  be  used 
for  the  former,  to  prevent  (laina;^e  to  the  tubing. 

1275.  To  ensure*  the  easy  ])assa^e  <>f  the  conductor,  all 
corners  are  rounded,  an  elbow,  l^^ii^.  -ISO,  bein^  employed  for 
flexible    wires,    and  for  rigid  conductors  a  junction-box. 


Fig.  470. 
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The  ends  of  the  tubes  should  project 


B  shown  in  Fig.  48L 
{irell    into    the    box 
hrougb     the     open- 
rings  o,  o.  etc.i  and  a 
Jioroughly   strong 
soldered   joint   be 
Imade     between     the 

>&,  wrapped  with  P""-  «« 

Vinsulating  tape  as  a  further  precaution  When  the  tubes 
are  all  in  position,  a 
flMtilnic-'wlre  is 
pushed  t  h  ro  u  gh  from 
one  nutlet  to  another, 
the  electric  light  wire  is 
H'ted  to  the  end, 
and  pulled  through. 


1276.  At  the  points 

where    branch    circuits 

start,      junction-boxes, 

Fig.  482,  are  used.     At  each  side  are 


IBUcb  as  that  shown 
Openings  w,  »//,  m', 
m'  to  take  the  main 
conduit- tubes,  and 
smaller  ones  at  b.  i. 
y,  b'  for  the  branch 
tubes.  A  porcelain 
branch-block  is  in-  Pio.  «ek 

troduced  to  carry  the  connections  and  cut-outs,  as  in  similar 
cases  already  considered. 

1277.  Street  J  unction- Boxes. — When  connection 
is  made  between  the  inside  wiring  and  street  main,  a 
junction-lwx  snch  as  that  illustrated  in  Fig.  48^  is  employed. 
The  three-wire  system  will  probably  be  used  on  account  of 
the  economy  in  copper  so  obtained.  The  three  mains  a.  b,  c 
paiis  straight  through  the  box,  but  from  the  double  terminals 
to  which  they  arc  clamped  are  run  the  house  leads  a  ,  b' ,  c'. 
The   whole  set   of   couplings   is   enclosed   in    a   cast-iron. 
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house  service  arc  protected  by  an  iron  pipe  which  extends^^H 
from  the  junction-box  to  the  cellar,                                              ^H 

WIHINO    CALCULATIOnS.                                            ^^| 

1278.     Tliesizec 

f  wire  required  to  supply  current  ttt^^H 

any  group  of  lamps  depends  nn  the  number  of  lamps,  each  o^^^| 
which  takes  a  certain  average  current.     The  following  tabl^^^l 
gives    the    value    of    this    current    for    lamps    of    differen^^^l 

candle  power  and  with  a  line  E.  M.  F.  of  UO  and  55  volts]^^| 

TABLE    45.                                             ^H 

110  Volta, 

5.^  Vol  la.                          ^^ 

..1  amp. 
^^^^^^^                       amp. 
^^^^^B                       amp. 
^^^^^^^K                      amp. 

16  c.  p.  lamp 
32  c.p.  lamp 
50  c.p.  lamp 
100  c.p.  lamp 

amp.                   ^^H 
amp.       ^^^^^^H 
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Since  the  lamps  are  connected  across  the  leads  m  multiple- 
arc  (Art.  1221).  whether  on  the  two-wire  or  three-wire 
1  system,  it  is  evident  that  the  main  conductors  must  be  able 
carry  current   for  each   lamp  on   the   circuit.     If   the 
,  average  current  is. 5  ampere,  and  there  are  30  lamps  on  the 
ircuit,  the  main  conductors  will  have  to  carry  30  x  -^  =  15 
mperes. 
1 279.     In  nearly  all  cases  a  very  simple  formula  may  be 
I  used  in  calculating  the  size  of  wire  to  be  furnished  for  any 
.  particular  circuit.     According  to  Ohm's  law,  the  loss  in  volts 
divided  by  the  current  flowing  gives  the  resistance  of  the 
line  (Art.  1 232) ;  if  this  result  be  divided  by  the  length  of 
I  the  line  in  feet,  the  resistance  in  ohms  per  foot  is  obtained, 
I  and  the  size  of  wire  corresponding  to  this  resistance  can  be 
I  found  directly  in  a  wire-table.     Since  resistances  are  usually 
I   given  in  ohms  per  thousand  feet,  owing  to  the  low  resistance 
'    of  copper,  it  will  be  necessary  to  multiply   by  1,000  to  find 
the  corresponding  gauge  of  wire. 

12SO*     We  may  express  these  operations  in  the  shapeof 
'  a  formula  as  follows: 


(1-) 


where  /if  is  the  resistance  per  foot  of  the  wire,  E  the  drop  in 
volts,  C  the  current,  and  /,  the  length  of  the  wire  in  feet. 

We  have  seen,  however  (Art.  1278).  that  a  lllc.p.  lamp 
on  the  usual  110-volt  circuit  takes  .5  ampere.  Then  for  C 
we  may  substitute  the  number  of  tamps  A'' multiplied  by  the 
current  required  for  one.  or  A'^  x  .5,  The  total  length  of 
line  L  is  also  equal  to  3  F,  when  F  is  the  distance  in  feet,  as 
measured  along  the  double  line  between  the  point  of  supply 
and  the  lamps.  We  may,  therefore,  write  the  foregoing 
formula  as  follows: 

£       __3_ 

N  F- 


R,=  ~ 


(2.) 


.5  A'  X  2  /■■ 

The  term  A' /^  is  the  number  of  lamps  multiplied  by  the 
^distance  from  the  source  of  current  tothose  lamps;  in  other 
■vords,  this  expression  gives  the  lauip-fcct. 
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1 281  •  From  the  preceding  we  may  derive  the  following 
rule: 

Rule. — In  order  to  find  the  resistance  per  foot  of  the  con- 
ductor  to  use  in  any  llO-volt  dircuitwithlSc.p,  lamps^  divide 
the  loss  in  volts  ^  as  predetermined^  by  the  lamp-feet. 

The  corresponding  wire  may  then  be  found  from  Table  43, 
as  explained  in  Art.  1 279. 

ExAMPLB. — ^A  group  of  41  lamps.  16  c.p.,  is  to  be  set  1.600  feet  from 
the  dynamo  on  a  110- volt  circuit.  What  diameter  of  conductor  should 
be  used  when  the  drop  is  to  be  5  volts  ? 

Solution.— The  number  of  lamps  =  41  =  A^ ;  the  distance  in  feet  = 
1.600  =r/^;  and  the  drop  in  volts  =6  rr^".  The  lamps  being  of  16 
candle  power,  and  the  voltage  110,  formula  3,  Art.  1280,  gives  the 
resistance  per  foot  of  the  wire,  and 

Rf  =  4^  w  i  KQQ  =  .0000818  ohm  per  foot 

r=  .0618  ohm  per  1,000  feet. 
Prom  the  wire-table  we  find  this  corresponds  to  No.  00  B.  &  S.  Ans. 

1282.  When  there  are  other  lamps  on  the  circuit  than 
16  candle  power,  they  should  be  allowed  for  in  estimating 
the  total  number, as  follows: 

For  one  32  c.p.  lamp,  count  2  of  16  c  p. 
For  one  50  c.p.  lamp,  count  8  of  16  c.p. 
For  one  100  c.p.  lamp,  count  6  of  16  c.p. 

Example. — An  electrolier  in  a  large  hall  is  provided  with  one  lamp  of 
100  candle  power,  four  of  50  c.p..  twelve  of  82c  p  ,  and  twenty-four  of 
16  c.p.  What  size  wire  will  be  required  for  the  main  conductors  from 
the  closet,  the  distance  being  300  feet,  the  line  voltage  110,  and  the  drop 
4  volts  ? 

Solution.— The  number  of  lamps  is  to  be  expressed  in  terms  of 

16  c.p.  lamps. 

1  lamp    of  100  c.p  —    Oof  16  c.p. 

4  lamps  t)f    50  c  p.  —  12  of  16  c.p 

12  lamps  of    83  c  p.  =  24  of  16  c.p. 

24  lamps  of    16  c  p.  -  24  of  10  c.p. 

Total  =b«  lamps-  A' 

The  drop  in  volts  =  4  —  /T,  and  the  distance  in  feet  =  300  =  F.     Then, 
by  formula  2,  Art.  1 280,  the  resistance  per  foot  of  the  wire, 

^■^  =  66-xm  =  ■^'^'-"^  "'"" 

=  .202  ohm  per  1,000  feet. 
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Reference  to  Table  43  shows  this  to  be  almost  exactly  No.  3  wire,  which 
should,  therefore,  be  chosen.    Ans. 

1 283.  It  is  always  necessary  to  compare  the  results  ob- 
tained by  these  calculations  with  a  table  of  carrying  capacity, 
in  order  that  undue  heating  of  the  conductors  may  be  avoided. 
In  the  example  just  given,  the  current  is  60  X  5  =  33 
amperes,  since  each  10  c.p.  lamp  would  take  .5  ampere,  and 
this  is  little  more  than  one-half  the  allowable  current  for 
No.  3  wire,  as  shown  in  Table  43,  so  that  this  wire  has  a 
large  margin  of  safety. 

1284.  In  calculating  the  wire  for  lamps  on  a  55-volt 
circuit,  formula  2,  Art.  1 280,  is  modified  to  read 

E 


R,= 


2N  F 


since  the  current  used  per  lamp  is  doubled.  The  16  c.p. 
lamp  is  taken  as  the  standard,  as  before,  its  current  being 
now  1  ampere,  instead  of  .5  ampere. 

Example. — A  room  is  provided  with  a  cluster  of  24  lamps  of  16  candle 
power,  and  8  of  32  candle  power.  The  E.  M.  F.  of  the  circuit  is  55  volts, 
and  the  line  loss  from  the  closet  is  to  be  3  volts,  the  distance  being 
75  feet.     What  size  wire  should  be  used  ? 

Solution.— The  line  loss  is  3  volts  =  £ ;  the  number  of  lamps  is  24 
of  16  c.p.,  and  3  of  32  c.p..  equivalent  to  a  total  of  24  +  6  =  30  of  16 
c.p.  =  JV  ;  the  distance  is  75  feet  =  F.  Then,  by  the  last  formula,  the 
resistance  per  foot, 

Q 

^f=  n — 57; — r?F  =  .00067  ohm 
^      2  X  30  X  75 

=  .67  ohm  per  1,000  feet. 

The  corresponding  wire  is  No.  8.  The  current  in  the  circuit  is 
30  X  1  =  30  amperes;  but,  as  the  limiting  current  for  this  size  of  wire 
is  25  amperes,  we  must  take  the  next  size  larger,  and  use  No.  7.     Ans. 

1285*  In  such  a  case  as  the  above,  we  might  wish  to 
know  what  the  resulting  drop  will  be,  since  we  have  to  use  a 
different  size  ot  wire.  This  is  easily  obtained  by  a  reversal 
of  formula,  Art.  1 284,  for  a  55-volt  circuit. 

E  =  R^X2NF=2  AV  NF, 

No.   7  wire  has   a  resistance  per  1,000  feet  of  .519  ohm,  or 
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.0005 10  ohm  per  foot.  N,  as  before,  =  30,  and  /^=  75.   Then, 
the  drop, 

E=2  X  .000519  X  30  X  75  =  2.33  volts. 

1286.  In  the  same  manner   the  drop  may  be  found  for 

a  110- volt  circuit,  when  the  size  of  wire,  the  number  of  lamps, 

and  the  distance  are  known,  by  a  modification  of  formula  2, 

Art.  1280, 

/i  =  AV  AT  F, 

Example. — What  will  be  the  drop  in  a  110-volt  circuit,  in  which  is 
located  a  group  of  15  lamps  of  16  candle-power,  the  distance  from  the 
point  of  supply  being  270  feet,  and  the  wire  No   10  B.  &  S.? 

Solution.— The  resistance  per  1.000  feet  of  No.  10  wire  —  1.04  ohms, 
or  per  foot  =  .00104ohm  =  A/.  The  number  of  16  c.p.  lamps  is  15  =  /V, 
and  the  distance  in  feet  =  270  =  F.  Then,  by  the  formula  just  given, 
the  drop  /::  =  .00104  X  15  X  270  =  4.2  volts.     Ans. 

1 287.  When,  in  calculating^  the  wire  for  a  lighting  sys- 
tem, it  is  necessary  to  use  a  size  of  wire  larger  than  that 
required  for  the  given  drop,  the  effect  may  be  balanced  by 
using  a  smaller  wire  than  that  called  for  in  another  part  of 
the  same  circuit.  Suppose,  for  instance,  a  total  drop  of  6 
volts  were  allowed  in  a  circuit  composed  of  two  different 
lines,  and  it  were  decided  to  provide  for  a  drop  of  2  volts  in 
one  part  and  4  volts  in  the  other.  If,  then,  it  were  found  that 
the  wire  to  give  4  volts  droj)  was  too  small  to  carry  the  cur- 
rent safely,  and  a  larger  Avire  had  to  be  used,  giving  a  drop 
of  only  'A\  volts,  the  second  wire  could  be  designed  to  allow 
"21  instead  of  2  volts  drop,  provided,  of  course,  that  the  safe 
carrying  rapacity  were  not  exceeded. 

When  the  calculations  call  for  a  wire  smaller  than  No.  14, 
it  should  not  be  used,  as  this  size  is  the  smallest  allowed  by 
the  underwriters  for  interior  wiring. 

1  288.  Tn  calculating  the  wire  for  a  loop  circuit,  such  as 
in  r^ig.  ISI,  the.  totallcngth  of  conductor  is  evidently  (4  X  75) 
-\-  (4  X  2(»)  =  .'ISO  feet,  but  tlie  at^tual  length  traversed  by 
the  (nirrenl  for  any  one  lamp,  such  as  a,  is  10  -j-  75  -|-  20-}- 
;:)  -f  10  —  llM)  feet  for  the  double  (listanec.  If  there  are  40 
lani])s  on  the  loop,  the  lamp-feet  (Art.  1  28(>)  will  be  40  times 
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one-half  this  double  distance,  or  40  X  95  =  3,800  lamp-feet, 
giving  the  same  result  as  if  the  lamps  were  all  bunched  at 
the  further  end. 
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Fig.  484. 

Rule. — /n  deter minifig  the  size  of  wire  for  a  loop  circuity 
multiply  the  number  of  lamps  by  one-half  the  distance^  in  feet, 
around  the  loop.  This  ivill  g  ive  the  lamp-feet  N  /%  and  is 
used  in  the  formulas  already  given. 

Example. — What  size  wire  is  required  for  a  loop  circuit  similar  to 
Fig.  484,  having  26  lamps,  110  volt,  16  c.p.,  the  length  of  the  room  being 
80  feet,  and  the  width  30  feet  ?    Allow  for  3  volts  drop. 

Solution. — The  total  length  of  circuit  through  any  one  lamp  is 

220 
(2x80)  +  (2x30)  =  220   feet,   and   the    single  distance  is  -5- =  110 

feet  =  F.  The  number  of  lamps  is  26  =  N,  and  the  allowable  drop  is 
3  volts  =  E,  Then,  since  16  c.p.  lamps  are  installed,  and  the  E.  M.  F.  of 
the  circuit  is  110  volts,  the  resistance  per  foot  of  the  conductor  will  be, 
by  formula  2,  Art.  1280, 

=  1.05  ohms  per  1,000  feet. 

By  reference  to  the  wire  table,  it  will  be  seen  that  this  corresponds 
almost  exactly  to  No.  10  wire.  The  current  is  26  X  5  =  13  amperes, 
which  is  within  the  safe  limit,  and  No.  10  wire  will  be  used.     Ans. 

1289*  Heavy  Conductor$«. — It  frequently  happens 
that  a  very  large  wire  is  necessary  for  a  feeder,  and  the  re- 
sistance is  not  given  in  the  wire  tables,  so  that  the  formulas 
already  considered  will  not  apply.  In  this  case,  the  area  of 
the  wire  in  circular  mils  (Art.  1226)  is  calculated  by  the 
following  formula,  for  110- volt  circuits: 

A  = r. . 
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in  which  N^  /%  and  E  have  the  same  significance  as  in  the 
preceding  formulas. 

Example. — The  feeders  from  the  switchboard  to  the  distributing 
center  in  a  certain  installation  are  160  feet  in  length,  and  carry  the 
current  for  600  sixteen  candle-power  110-volt  lamps,  a  drop  of  2.5  volts 
being  allowed.     What  is  the  size  of  the  wire  ? 

Solution. — The  number  of  lamps  is  600  =  N ;  the  distance  is 
160  feet  =  F,  and  the  drop  is  2.5  volts  =  E.  Then,  by  the  preceding 
formula,  the  area  of  the  wire  in  circular  mils. 

10.8  X  600  X260 
2.5 


A  = 


=  414,720  circ.  mils.    Ans. 


1290*  It  is,  of  course,  necessary  to  check  this  result  by 
finding  the  safe  carrying  capacity  of  the  wire.  The  current 
taken  by  600  lamps  of  IG  c.p.  and  110  volts  will  be  000  X  .5 
=  300  amperes,  and  comparison  may  be  made  with  the  sub- 
joined table,  which  gives  the  carrying  capacity  of  concealed 
cables,  the  difference  between  successive  sizes  being  100,000 
circular  mils.     Any  intermediate  size  will  have  proportional 

capacity  : 

TABLE  46.    . 


CURREI^T  CAPACITY  OF  CAULKS. 


Area  in 

Current 

Circular  Mils. 

in  Amperes. 

^^00,000 

'^00 

:5(K ),()()() 

'zri 

4()(),(H)() 

3:j<) 

500,000 

31)3 

(;(i(),()()o 

445 

T()(),(KK) 

404 

SO(),0(M) 

541 

1M)1),(I(M) 

:)m 

1,()0(),()()() 

iVM) 

Area  in 

Current 

Circular  Mils. 

in  Amperes. 

1,1(K),()0() 

073 

l,t>()(),()()0 

715 

1,:5()(),000 

756 

l,4()0,0(M) 

790 

1,500,000 

835 

i,(;oo,ooo 

873 

1,100,000 

lao 

1,SOO,000 

040 

I,1I0(»,0()0 

OSl 

'^',01)0,000 

1,015 

1291.      In  some  cases  the  loss  in    K.  M.  F.  in  a  circuit 
is  <;ivcn  as  a  certain  percentage.      It  is  obvious,  on  consider- 
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ation,  that  this  is  not  to  be  taken  as  referring  to  the  voltage 
at  the  lamps,  for  the  drop  in  potential  is  between  the  point 
of  supply  and  the  lamps,  and  the  initial  voltage  is,  therefore, 
higher  than  at  the  lamp  terminals.  In  order,  then,  to  as- 
fertaia  the  actual  drop  in  the  feeders,  or  conducting  wires, 
the  initial  E.  M.  F,  must  be  determined,  and  the  lamp 
E,  M.  F.  subtracted  therefrom. 

Rule. — To  find  llif  drop  in  pohiilial  in  a  wiring  system 

'  ivhen  the prrcintage  of  loss  is  given  and  the  E,  M.  F.  at  the 
lamp  terminals  is  hunvn,  multiply  the  lamp  E.  M.  F.  by  100 

,  and  divide  by  100  minus  the  percentage  of  loss.  The  quotient 
Villi gix'e  the  initial  E.  M.  F..  from  which  is  subtracted  the 
E.  M.  F.  at  the  lamp  terminals,  the  remainder  being  the 
actual  drop  in  volts. 


This  may  aisc 


«edi 


'  100- 
=  V,- 


algebrair  form: 

(1.) 

(2.) 


where  V^  is  the  initial  voltage,  V  the  voltage  at  the  lamp 
terminals,  E  the  drop  in  volts,  and/  the  percentage  of  loss. 

no-vott 


EXAHPLB.— What  will  lie 
circuit  when  a  three  ]>ercent 

Solution.— The  E.  M.  I'. 
I<ud  the  percent,  loss  is  3  =  / 
1  „      lOOx  110 
\  100-3 

tiia.4-iio=».' 


the  lamp  terminals  is  110  volts  =  V. 
)ss  is  3  =  /t.  Then,  by  formula  I ,  the  initial  vciUage 
13.4,  and  by  formula  2,  the  drop  in  voltage  E=. 


1292.     Slice  uf  Conductors  for  Thre«-Wlr«  S^rs- 

k  tern. — Since  in  the  ihrt'e-wirc  system  the  lamps  are  arranged 
RU.TOSS  the  main  wires  in  groups  of  two,  the  current  supplied 
I  is  only  one-half  of  that  recpiired  for  a  multiple-arc  system, 
rand  the  electromotive  force  is  double.  It  therefore  follows 
I  thftt  the  wire  for  these  outer  conductors  need  be  only  one- 
Kquarter  the  size  necessary  in  the  two-wire  system ;  when  the 
■third,  or  neutral,  wire  is  of  the  same  size  as  the  outer  wires, 
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the  total  amount  of  copper  required  is  only  i  +  i  =  i  ^f  that 
necessary  with  the  two-wire  system,  provided,  however,  that 
the  same  percentage  drop  of  potential  is  used  in  the  two 
cases.  When  the  same  drop  is  used,  the  size  of  wire  in  the 
three- wire  system  will  be  one-half  that  required  for  the  two- 
wire  system;  for,  although  the  resistance  of  the  conductor 
for  the  three-wire  system  would  thereby  be  doubled,  the 
current  is  of  only  one-half  the  value,  so  that  in  the  one 
case  li  =  C  R^  and  in  the  other  case  i?  =  J  C  X  2  ^,  which 
values  are  identical. 

The  formulas  to  use  for  calculating  the  size  of  wire  for  a 
three-wire  system  are  the  following: 

2  E 
or,  for  wires  of  extra  large  capacity. 

The  current  in  the  outside  conductors  of  a  110-230  volt 
thri!(>wire  system  is  found  by  dividing  the  total  number  of 
id  c.  p.  lainj)s  by  4.  The  outside  wires  must  have  a  carrying 
laparity  sufficient  for  this  current.  In  using  formulas  1 
and  2,  it  must  be  understood  that  R  is  the  total  drop  in  the 
circuit.  For  example,  if  the  pressure  at  the  dynamo  w^ere 
W'l  and  that  at  the  lamps  110,  the  drop  on  each  side  of  the 
system  would  be  2  volts  and  the  value  of  E  would  be  4. 
A^is  the  tcUal  number  of  lamps  operated  and  not  the  number 
on  one  side  only. 

Example. — Three  hundred  16  c.  p.  lamps  are  to  be  supplied  by 
means  of  the  three-wire  system.  The  dro])  to  the  lamps,  i.  e.,  on  each 
side  of  tile  circuit,  must  not  exceed  5  volts.  What  will  be  the  size  of 
win;  rctjuired  if  the  lam])s  are  located  1,."»(M)  feet  from  the  dynamo  ? 

SoLC'lioN. — Wc  have  from  formula  2, 

''  ■     '      'h:~'~  1(» 

-  LM:i,(MM)  circular  mils.      Ans. 

A  stranded  <\il)lc  would  prt)bal)ly  be  used  for  this  conductor. 
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1Z03>     Arriinitenieat  of  Circuits. — A  group  of  dif- 

Eerciit  methods  of  wiring  for  the  two-wire  system  is  shown 

Fig.   485.     It   will    be  noticed  that  the   closet   A  is  so 

Klaced  that  the  lamp-feet  of  the  various  branch  circuits  are 

topproximaicly  equal,  so  that  the  drop  will  be  uniform  in 

Fron^   the  foregoing   directions   it   will    be  easy  to 


ring,  as  embodied  in 


follow  out  the  calculations  for  the  i 
ample  below : 

Example. — A  floor  of  a  buitdiog  is  to  be  fitted  with  incandescent 
raps  as  indicated  in  Pig.  483.  The  mains  enter  at  Af;  a  drop  of  2.6 
llpltfl  Is  allowed  between  this  point  and  the  lamps ;  on  each  circuit  the 
'ngtb  In  feet  is  marked,  this  being  the  single  distance.  The  lamps 
e  110  volt.  IB  c.p.      Determine  the  size  of  feeders  and  branches. 


1  SoLtTTioN.— Feeder  No.  1  carries  current  for  the  lamps  o 
tt,  e,  having  a  total  of  15  lamps.  The  distance  from  the  main  to  the 
"  Xjfla  lat  feet,  and  the  larap-feet  =  15  X  120  -  1,8«»0  =  .V F.  The 
I  drop  allowed  is  '2,5  volts,  of  which  we  will  use  here,  say  1.5 
»=£!  Then,  by  formula  2,  Art  1280,  the  resistance  per  foot 
Itltewire 

^^=  Ai^=:.000«33ohm,  or  perl.OOO  feet  =  .838  ohm. 

«  nearest  aixe  of  wire  is  No.  9.  The 
iductar  Is  13  X  ■'>  =  T'l)  amperes,  which 
^ters'  limit,  and  is  safv. 
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Subfeeder  No.  4  carries  current  for  4  lamps  a  distance  of  80  feet,  and 
the  lamp-feet  =  320  =  N F,  The  drop  in  voltage  will  be  the  difiference 
between  the  total  drop  allowed  and  that  taken  for  the  feeder  in  series 
with  this  subfeeder;  then  2.5  —  1.5  =  1  volt  =  E.  The  resistance  per 
foot  of  the  wire  will  be 

Rf  =  —-  —  .003125  ohm,  or  per  1,000  feet  =  3.125  ohms. 

This  is  smaller  than  No.  14,  but  we  must  use  this  wire,  as  it  is  the 
smallest  allowed  (Art.  1 287).  The  current  is  only  4  X  .5  =  2 amperes, 
and  No.  14  will  carry  10  amperes,  and  is,  therefore,  safe. 

Subfeeder  No.  5  carries  current  for  5  lamps  a  distance  of  60  feet,  and 
the  lamp-feet  N  F=  300.  The  drop  is  the  same  as  for  circuit  ^, 
and  E=\.     Then,  the  resistance  per  foot  of  the  wire, 

y?/  =  -L  =  .00333  ohm,  or  per  1,000  feet  =  3.33  ohms. 

The  nearest  wire  is  again  No.  14.  and  the  current  is  5  X  .5  =  2.5  ami>eres. 

Subfeeder  No.  6  supplies  current  to  6  lamps,  and  the  distance  being 

50  feet,  TV/*' =300.     The  drop  is  1   volt,  and  the  resistance  per  foot 

Jifz=.  oTJi  =  .00333,  the  same  wire,  No.   14,  being  used  here  also.     The 

current  is  6  X  .5  =  3  amperes. 

Feeder  No.  2  is  110  feet  in  length,  and  supplies  current  to  23  lamps. 
Then  A^  F=  23  X  110  =  2,530.  If  we  allow  a  drop  of  1.5  volts  here,  we 
shall  have  only  one  volt  to  allow  in  circuit  7.  But  circuit  7  contains 
actually  double  the  length  of  wire,  and  it  would  be  a  better  plan,  there- 
fore, to  allow  1.5  volts  here,  and  1  volt  in  circuit  2,  Then,  the  wire  for 
circuit  '2  has  a  resistance  per  foot 

Rf  =  -——  =  .000395  ohm,  or  per  1,000  feet  =  .395  ohm, 

which  is  between  Nos.  5  and  6,  either  of  which  will  carry  the  current 
safely.  We  regulate  our  choice  by  the  result  of  the  subsequent  calcula- 
tion on  circuit  7. 

Subfeeder  No.  7  carries  current  for  20  lamps,  arranged  in  a  loop.  We 
have  seen  (Art.  1 288)  that  the  distance  used  in  calculation  is  90  -f  20  = 
110  feet  =  /%  then  the  lamp-feet  N F=  20  X  110  =  2,200.  and  the  drop 
in  volts  is  1.5  =  F.     Then  the  resistance  per  foot  of  the  conductor, 

Rf  =  -^^j    =  .000082  ohm,  or  per  1,000  feet  the  resistance  is  .682  ohm, 

correspondinjj^  to  a  size  between  Nos.  Hand  9,  but  nearer  No.  8.  If  we 
use*  tliL*  larger  wire  licre.  No.  8,  we  should  use  the  smaller  of  the  two  in 
the  case  of  ihc  feeder  to  this  closet,  No.  J,  wliicli  we  find  should  be 
between  Nos.  5  and  0.  Therefore,  we  select  No.  (I  wire  for  circuit  No.  2. 
Fur  circuit  7,  No.  8  wire  is  safe,  the  current  being  10  amperes. 
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Sulifeeder  No.  6  runs  to  an  electrolier  with  only  lliree  liglils,  llie 
distance  being  HI  (eel.  The  drop  in  this  line  should  be  3.n  —1=1.5 
volts.     The  resistance  per  foot  of  the  wire  will  then  be 


>?/ 


.0I3S  ohm,  or  per  1.000  feet  =  12.  IS  ohms. 


This  wire  will  be  much  loo  small  to  use,  and  we  must  take  No.  14, 
altliuugh  these  three  lampa  will  run  brighter  than  the  others.  We  may 
find  the  drop  (mm  formula.  Art.  1 286;  E  =  .00263  X  130  =  .8150  volt, 
instead  of  1.5,  so  that  the  lamps  will  have  1.18  volts Mcess  of  pressure. 
This,  however,  will  not  injure  them. 

Feeder  Nd-  8  carries  the  current  for  30  lamps  a  distance  of  SO  feet. 
The  drop  is2.S  volts,  and  the  lamp-feet  =  I.OOO=.A''y^  The  resistance 
per  fool  of  the  required  conductor 


\.<m 


=  .002J3  ohm,  or  per  1,000  feet  =  2. 


No.   14  wire  is  suffidenlly   near  t 
1, 10  amperes,  safely.     Ans. 


:,  and  will  carry  the 


.ar|{e    BulIdlDf[s. — Fur    a  large 

i  may   be  run  to   the  top  floor  up 


1294.     WIrlnic  In 

I  building,  separate  circuit 
I'  two  or  more  vertical 
I  coraers.  One  of  these 
I  circuits  is  shuwn  in 
1  Fig.  486.  The  termi- 
I  nal  board  of  the 
Idynamo  is  shown  at 
1^,  corresponding  to 
Pthe  junction-box  in  a 
Ipublic  supply  system, 
I  and  air  represents 
K'One  set  of  feeders, 
f  vhich  is  connected  to 
wntral  points  on  tl 
lubfeeders  c  /,  the; 

^gain  being  connei 
i  to  the  mains  w  « 

I'M-  such  points  as  will 

ensure   the  best  distribution  of  current.     Tap  circuits  arc 

provided  for  the  lamps  on  the  several  floors,  cut-outs  being 

placed  at  all  branches. 
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1295*  In  calculating  the  size  of  the  feeders,  the  pro- 
portionate number  of  lamps  for  each  one  is  considered  as 
determining  the  current  it  carries;  for  instance,  if  there 
are  two  feeders  at  opposite  corners,  each  may  be  regarded 
as  supplying  current  to  one-half  the  lamps  on  each  floor, 
although  the  lamps  may  be  connected  to  a  common  set  of 
mains. 

For  the  three-wire  system,  three  wires  for  each  set  of 
feeders,  or  mains,  are  carried  throughout,  except  in  the 
small  tap  circuits. 

EXAMPLES   FOR    PRACTICE. 

1.  A  group  of  thirty-three  110- volt  16  c. p.  lamps  is  located  825  feet 
from  the  closet.  What  size  feeder  will  be  required,  a  drop  of  2^  volts 
being  allowed  ?  Ans.  No.  3  B.  &  S. 

2.  A  6-light  electrolier  is  set  up  at  a  distance  of  85  feet  from  the 
mains.  There  are  three  lamps  of  16  c.p.,  two  of  82c.p.,  and  one  of 
50  c. p.,  the  circuit  being  55  volts.  With  a  drop  of  1^  volts,  what  size 
wire  should  be  used  ?  Ans.  No.  13  B.  &  S. 

3.  What  would  be  the  drop  in  the  circuit  mentioned  above,  if  No. 
12  wire  were  substituted  for  No.  18  ?  Ans.  1.16  ohms. 

4.  A  hall  80  ft.  wide  by  95  feet  lonjr  is  provided  with  seventy-five 
16  c.p.  110- volt  lamps,  the  wiring  being  arranged  in  the  form  of  a  loop, 
and  the  lamps  mtmnted  on  the  walls.  Allowing  a  drop  of  2  volts,  what 
size  wire  should  be  used  ?  Ans.  No.  8  B.  &  S. 

5.  What  size  conductor  will  be  required  to  carry  the  current  for 
four  hundred  and  fifty-two  110-volt  16  c.p.  lamps  at  a  distance  of  874 
feet,  the  allowable  drop  being  2  per  cent.? 

Ans.  815,052  circ.  mils  area. 

6.  On  a  three-wire  system  there  are  to  be  installed  sixty-two  110- 
volt  10  c.p.  lamps  at  a  distance  of  28.")  feet  from  the  closet,  a  drop  of  8 
volts  being  allowed.     What  size  conductor  will  be  required  ? 

Ans.  No.  6  B.  &  S. 


TESTING. 

1296.  When  wiring  is  being  installed,  it  should  be  fre- 
quently tested,  to  ensure  the  discovery  and  correction  of 
faults  in  the  insulation,  while  they  may  be  easily  repaired. 
The  method  employed  is  to  free  one  end  of  the  conductor 
from  contact  with  other  objects,  and  connect  the  other  end 
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to  one  terminal  of  a  testing  instrument,  the  second  terminal 
being  "earthed,"  or  "grounded"  through  a  gas  or  water 
pipe.  The  resistance  of  such  a  circuit  will  necessarily  be 
very  high,  preventing  the  passage  of  any  appreciable  cur- 
rent; but  if  there  is  a  fault  at  any  point,  a  current  of 
lai^er  volume  will  flow  through.  A  convenient  form  of 
testing  instrument  is  the  magneto  shown  in  Fig.  487. 
The  terminals,  or  binding  posts,  to  which  connections  are 
made,  as  already  described,  are  on  the  upper  side   at  I,  t' . 


A  crank-handle  on  the  outside  of  the  case  turns  the  pinion 
1  /  through  the  gear-wheel  g,  thereby  revolving  the  armature 

of  a  small  dynamo.     If  there  is  a   fault  on   the  line  and 

connections  are  made  as  directed,  the  bell  will  ring  on  turn- 
I  log  the  crank.  Care  should  be  taken  to  ascertain  that  the 
[  fgia  or  water  pipes  used  for  the  connections  are  actually  in 
[  communication  with  the  street  mains.  The  wiring  will  be 
'  passed  by  the  insurance  inspectors  if  a  magneto  that  will 

ring  through  a  resistance  of  20,000  ohms  shows  no  ground- 
L  ing  of  the  circuit. 
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BELL    WORK. 

BELL    CONSTRUCTION    AND    OPERATION. 

APPARATUS  FOR    BELL  CIRCUITS. 

1297.  In  nearly  all  electric  appliances,  particularly  in 
those  we  are  about  to  describe,  the  elecCro-maEnet  is  an 
all- important  feature.  It  was  early  discovered  that  when  a 
current  of  electricity  circulated  through  a  coil  of  wire, 
magnetic  poles  were  developed  at  each  end  of  the  coil,  hav- 
y  ing  the  same  properties  of 

\  T  attraction  and  repulsion  as 

I  a  permanent  steel  magnet. 
A'l  If  a  piece  of  iron  be  inserted 
j  in  the  coil,  as  in  Fig.  488, 
'  the    magnetic    effects    are 
Via. IBB.  much   intensified;   one  end 

A'^of  the  iron  core  becomes  a  north  pole,  the  other  S  a 
south  pole,  corresponding  to  the  polarity  of  the  coil  before 
the  introduction  of  the  iron  core.  To  prevent  diversions 
of  the  current,  the  wire  should  be  wrapped  around  with 
cotton  or  other  insulating  substance.  The  intensity  of 
magnetization  depends  on  the  amount  of  current  flowing, 
also  upon  the  number  of  turns  of  wire;  the  current  then 
being  measured  in  amperes,  the  magnetization  is  dependent 
upon  the  number  of  ampere-turns.  Since  the  currents 
used  in  bell  and  signal  work  are  very  small,  it  is  necessary 
to  wind  a  large  number  of  turns  around  the  magnet  cores, 
thereby  producing  the  same  effect  as  would  be  obtained  by 
a  few  turns  of  wire  carrying  a  heavy  current. 


1298.     The  most  us 

luil  foni 

a  of  clcctro-m 

agnet  for  bells 

s    that    shown    In    Fig. 

■is;i,    ai 

id   is  made   i 

n  three  parts. 

lamely,    two  in.n  mres, 

such   a 

s  J/,  wound  ■ 

rt-ith  the  mag- 

letizing  culls,  ami  a  str; 

light  ba 

r  of  iron  fi  j, 

lining  the  two 

lores.      The  current  pas 

scs  thro 

ugh   the  coils 

in  series,  and 
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should  circulate  around 
to  that  taken  around  the 
other,  producing  a  north  >* 
pole  at  the  free  end  of 
one  core,  and  a  south 
pole  at  the  free  end  of 
the  other,  as  this  con- 
dition will  give  the  great- 
est attractive  power  for 
the  bar  of  iron,  called  the 
Armature,  which  is  genera 
form  of  electro. magnet. 


in  the  opposite  direction 


1299.  The  principle  involved  in  the  action  of  the 
electric  bell  is  an  alternate  attraction  and  release  of  a 
soft  iron  armature  placed  in  front  of 
an  electro-magnet  and  carrying  a 
hammer,  the  motion  being  due  to 
intermittent  currents  through  the 
e  of  the  electro- magnet.  In  Fig. 
4!iO  is  shown  a  type  of  skeleton  bell, 
in  which  all  the  parts  are  visible. 
The  battery  wires  are  connected  at 
the  terminals  /,  /',  and  the  course  of 
the  current  is  as  follows:  From  the 
terminal  /  to  the  adjustment  screw 
s,  which  is  tipped  with  platinum  in 
order  to  prevent  o.iidation  of  the 
contact  surface,  through  the  spring 
/and  the  end  of  the  armature  it  to 
the  coils  of  the  magnets  t/i,  m',  and 
out  at  the  terminal  /'.  When  no  current  is  passing,  the 
armature  is  held  away  from  the  polesof  the  electro-magnets, 
as  in  the  position  shown,  but  as  soon  as  a  battery  is  con- 
nected up  and  a  current  sent  through  the  coils,  the  magnets 
become  energized  and  attract  the  armature  a,  which  swings 
about  the  pivot/,  causing  the  hammer  A  to  strike  the  bell. 
This  movement  breaks  the  circuit  at  s  and  /,  and  the  iron 
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cores  being  thereby  demagnetized,  the  spring  c  draws  the 
armature  away,  when  the  spring  /  again  touches  the  screw 
s,  completing  the  circuit.  As  long,  then,  as  the  battery 
current  is  free  to  flow,  this  vibration  of  the  armature  and 
hammer  will  continue.  The  tension  of  the  release  spring  c 
may  be  changed  to  suit  the  strength  of  the  battery  by 
means  of  the  regulating  screw  r,  which  is  provided  with 
nuts  for  this  purpose  on  each  side  of  the  supporting  pillar. 
The  bell  mechanism  is  usually  enclosed,  to  prevent  entrance 
of  dust  or  insects,  which  may  interfere  with  the  working  of 
the  bell  by  lodging  on  the  contact  points,  thereby  preventing 
the  current  from  passing  through  the  magnets. 

1300.  The  bell  just  described  is  of  the  common  vibra- 
ting class.  When  a  bell  is  required  to  give  a  single  stroke 
each  time  the  circuit  is  closed,  that  is,  for  each  pulsation  of 
current,  a  slight  difference  in  the  connection  of  the  ordinary 
bell  will  accomplish  this.  A  wire  is  connected  between  the 
end  of  the  magnet  coil  m  and  the  terminal  /,  so  that  the  cir- 
cuit is  simply  from  one  terminal  to  the  other  through  the 
coil.  Hence,  when  a  current  passes  through,  the  armature 
is  attracted  and  held,  a  single  stroke  being  given  to  the 


hell;    on  iiit 
hack  to  its  r 


upting  the  ciirrcnt,   the  armature  is  drawn 
nal  position  by  the  spring  c. 
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1301>  The  buzzer,  Fig.  401,  is  used  in  places  where 
ha  electric  bell  would  be  undesirable,  as  in  small,  quiet 
rooms  or  on  desks,  and  is  constructed  on  the  same  principle 
as  the  bell,  except  that  the  armature  does  not  carry  a  ham- 
mer. In  the  illustration,  the  cover  c  is  removed,  showing 
the  magnet  coils  w,  w'  and  the  armature  a.  An  adjusting 
screw  s  is  provided  to  regulate  the  stroke  of  the  armature 


The  wires    from 
cured  at  J  and  r,  ; 


and   the  consequent  intensity  of 
the  push-button  and  battery  are 
closing    the    circuit,    the    rapid 
vibration  of  the  armature 
a   humming   or   buzzing  s 
whence  the  name. 

1302.  The  circuit-closing 
devices  used  for  electric  bells  are 
quite  different  from  those  used 
on  lighting  circuits,  as  the  cur- 
rent and  E.  M.  F.  in  the  former 
case  are  very  small,  and  there  is 
no  burning  of  the  contacts.  The 
ordinary  switch  for  closing  the 
circuit    of    an    electric    bell     is  '''     '"■ 

called  a  push-button,  and  is  illustrated  in  Fi^,  4  li  The 
ends  of  the  line  wire  are  brought  up  through  a  hole  in  the 
wooden  base  a  and  held 
under  the  screws  on  the 
brass  contact  springs  b,  c. 
The  cap  il,  in  the  lower 
:w,  when  screwed  in 
place,  holds  the  ivory 
I  button  c  which,  on  being 
'  pressed  down,  forces  the 
two  springs  together  and 
completes  the  circuit, 
causing  the  bell  to  ring. 

1303.     An     electric- 
bell  switch  may  easily  be 
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arranged  in  connection  with  the  ordinary  beli-pull  of  a  front 
door,  in  the  manner  shown  in  Fig.  493.  The  wires  from  the 
bell  and  battery  are  made  fast  by  the  screws  s,  s'  to  the 
tongues  /,  /',  which  are  insulated  from  each  other  by  the 
block  r  to  which  they  are  secured.  The  free  ends  press  upon 
a  rubber  bushing  d,  and  a  brass  washer  w  is  drawn  between 
the  brass  tongues,  thereby  closing  the  electric  circuit  when 
the  knob  k  is  pulled. 


1304.  The  battery  used  for  electric  bells  is  illustrated 
I  Pig.  491.  This  is  the  Leclanche  cell,  and  consists  of  a 
porous  cup  P,  containing 
the  carbon  electrode  C,  to 
which  a  binding  post  B  is 
attached;  also  a  zinc  rod 
Z,  both  being  enclosed  in 
a  glass  jar  with  a  con- 
tracted top.  The  zinc 
I'     /     /  '   ^mMlBjl  ""od    is    provided    with    a 

I    ll      I     lliil     II^HIl  binding   screw  B„   which 

^■J  lllni     lll^nW>-I  serves     as     the    negative 

terminal  of  the  cell,  B  be- 
ing the  positive  terminal. 
Before  the  battery  will 
furnish  current,  the  jar 
must  be  filled  to  the  point 
shown  in  the  cut  with  a 
saturated  solution  of  sal- 
ammoniac,  and,  in  con- 
Pic  4m  necting    up,    the    zinc  of 

;  IS  ]  lined  b>  a  short  piece  of  wire  to  the  carbon  of  the 
.t.  This  gives  a  series  grouping,  which  is  usually  re- 
r.:<i  in  ht^lt  wurk.  When,  afti;r  cunsidcrablc  use,  the  cur- 
t  from  the  cells  becomes  fcciile,  it  will  be  necessary  to 
ilacc  the  liquid,  Init  it  frfqiicnliy  happens  that  the  power 
y  be  rt^storcd  by  the  aciditioii  of  a  little  water  to  make  up 
evapuratioii.  The  xinc  will,  in  euursc  i>f  lime,  be  con- 
ned, and   must   he   rejilacccl,  ami  the  .'^al -ammoniac  may 
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also  be  renewed  at  the  same  time,  although  it  should  last 
longer  than  a  single  zinc  rod  of  the  usual  si^e  (|  in.  diam- 
eter). After  five  or  six  rods  have  been  used,  the  material 
inside  the  porous  cup  will  no  longer  act  effectively,  and  this 
means,  practically,  a  new  carbon  and  cup,  since  they  may 
be  procured  very  cheaply.  In  the  case  of  renewal  of  a  large 
number  of  cups,  they  may  be  returned  to  the  manufacturer, 
and  recharged  by  him. 


1305>  It  is  sometimes  desirable  to  use  current  from  a 
dynamo  or  from  lighting  mains  to  operate  the  bells.  It  will, 
of  course,  not  be  allowable  to  connect  the  bells  directly 
across  the  line,  because  they  would  immediately  be  burnt 
out,  and  it  is  necessary  to  interpose  sufficient  resistance  to 
cut  down  the  current  to  the  required  amount.  The  resist- 
ance of  a  bell  is  usually  about  20  ohms,  and  since  it  may  be 
rung  from  one  cell  of  battery,  or  two  cells  if  there  is  a  long 
line  wire,  the  E.  M.  F.  across  the  bell  may  be  taken  as  2 

volts.  The  usual  working  current  is  then  57=  -1  ampere. 
If  we  denote  by  x  the  resistance  to  be  added,  the  total  re- 
sistance =  .r -f- 30,  which,  by  Ohm's  law,  equals  -^  —  — — = 

1,100  ohms,  and  x=  1,1(10-  20=  1,(180  ohms.  The  resist- 
ance of  a  IG  c.p.  110-volt  lamp  is,  approximately,  220  ohms, 
and  five  lamps  in  series  will  be  5  X  330  =  1,100  ohms.     The 

no 


current  will  then  be  -; 


'  l,lfMl+20 
enough  to  the  required  amount.    Thi 

in    Fig.    -ISS,    where   a,    b    , 

are  the   llO-vult   lighting 

IS,  /  the  five  lamps  in  ' 
series,  and  c,  d  the  wires 
to  the  bells.  If  this  cur- 
rent is  found  to  be  insuffi- 
cient, one  of  the  lamps 
may  be  cut  out,  when  the 
'■  total     resistance    will     be 


098  ampere,  which  is  near 
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(4X220)  +  20+j',  the  line  resistance  being  denoted  by  j. 
If  this  is  2  ohms,  the  total  resistance  will  be  902  ohms,  and 

the  current  =  ■ -^-^  =  ,123  ampere,  corresponding  to  an  E.  M. 

F.  across  the  bell  of  — -X 110  =  2.44  volts.     An  intermediate 

reduction  of    current    may    be  obtained    by   substituting 
a  33  c.p.  lamp  for  one  of  those  of  IC  c.p. 

1 30fl.  For  special  alarm  purposes,  it  is  sometimes  de- 
sirable that  the  bell  should  continue  to  ring  after  the  push 
is  released.  This  is  accomplished  by  the  use  of  an  auto- 
matic drop,  which  closes  an  extra,  or  shunt,  circuit 
as  soon  as  a  current  passes  along  the  main  circuit.  Pig. 
496   shows  two   views  of   an  automatic   drop,   A    being   a 


side 

ejcvalioii, 

and 

r,  a 

Tho 

e  are  three 

ter 

lina 

a  at 

d  d  arc  C"i 

iiectcd  t 

end 

at  /'  bi'inn 

alji< 

con 

mak 

■s  i-r.nncctK 

n  U 

Ihr 

nt   view   with    cover    removed. 

.  the  liaselioard;  those  marked 
eiuls  of  the  magnet  coil,  the 

ed   In  the  frame/;  terminal  c 

iijr  .■..iitaet  ,/.  The  bell  circuit 
lowed  first  through  «  /'  hy  means  ..f  the  push-button;  the 
latnrc  c  is  at  once  attracted,  thereby  releasing  the 
iity  spring  _;^  which  juakes  contact  with  the  spring*/, 
ililisliinfi  a  circuit  hetwceu  b  ami  c,  whieh  cuts  out  the 
h-hiuton. 
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ARRANGEMEN-I-  OP  BELL  CIRCUtTa. 

1307.  A  simple  bell  circuit  is  shown  in  Fig.  4ft7. 
battery  of  two  Leclanche 
nishes  current  to  the  bell 
3,  located  at  any  part  of 
the  house,  and  the  push- 
button />  is  placed  at  any 
convenient  point. 

1308.  It  is  frequent- 
ly necessary  to  ring  two 
or  more  bells  from  one 
push-button,  and  there 
are  two  methods  of  ac- 
complishing this.  One  is 
to  connect  the  bells  in  multiple-arc  across  the  leads,  as  in 
Fig.  498,   so  that  each  one  is  independent  of  the  others, 

,  the  bells  n,  b  being  on  sep- 


I  arate  circuits.  The  bat- 
tery B  is  represented  in 
this  diagram  in  the  manner 
generally  adopted,  the  fine 
line  indicating  the  carbon 
of  the  cell  and  the  heavy 
line  the  zinc.  The  other 
method,  making  use  of  a 
series  arrangement,  is 
Flo.  «8.  shown  in  Fig.  499.     This 

is  often  preferred  to  the  first  method,  because  there  is 
usually  a  saving  of  wire  in  its  employment,  but  it  is  neces- 
-sary  to  change  all  but  one 
of  the  bells  to  single 
stroke,  as  already  ex- 
plained. The  reason  for 
this  is  that  unless  the  bells 
were  exactly  similar  in 
their  adjustment,  the 
period  of  vibration,  or  rate  of  swing,  of  the  armatures 
would   be   different,   and   the  interference   would    prevent 
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€ 


satisfactory  ringing  of  the  bells.     If,  however,  one  bell  is  free 
to  vibrate,  and  the  rest  are  all  changed  to  single  stroke, 

very  little  adjustment  to 
each  one  will  be  required 
to  produce  a  strong,  clear 

^      1309.    When  it  is  de- 

sired  to  ring  a  bell  from 
two  different  places,  the 
simple  circuit  can  not  be 
used,  because  there  would 
be  a  break  at  each  push- 
button, and  a  current  would  not  flow  unless  both  buttons 
were  pressed  at  once.  The  second  button  must  then  be  in 
parallel  to  the  first,  as  in 
Fig.  500,  so  that  whichever 
button /or/' is  pressed,  the 
circuit  through  the  bell  d 
and  battery  B  is  completed. 


B 

Hll^ 

Pig.  500. 


I 


€ 


Fig.  501. 


S-' 


\J> 


1310.     Figs.     501    and 

502  show  two  arrangements 

of  wiring   for   ringing  two 

bells    simultaneously   from 

three  different  points.     The 

bells  ^,  I?  are  connected  in  multiple-arc  (or  parallel)  in  Fig. 

501,  but  they  may  be  put  in  series  if  desired,  as  in  Fig.  502, 

provided  one  of  them  is 
changed  to  single  stroke. 
In  the  case  of  an  actual  in- 
stallation, it  might  be  neces- 
sary to  run  the  wires  in 
some  other  manner  than  as 
here  laid  out,  dependent 
upon  the  construction  of  the 
building;     but,     from    the 


^^ 


9 


t 


<2>l 


S-B 


<o>J 


Fig.  5<W. 

directions    already  given,    it   should   be   an   easy   matter  to 
devise  the  best   arrangement.     The   choice  between  series 
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^nd  parallel  connection  of  the  bells  will  depend  upon  which 
more  economical  in  copper  for  the   line  wires.     The  wire 
use  will  l)e  No.    14,  IG,  or  IH  office  wire,  according  to 
Lhe  number  of  bells  on  the  circuit. 

1311.  When  two  bells  are  arranged  to  ring  from 
push-button,    it    is    sometimes 
desirable  to  cut  one  of  them  out 
during  some  part  of   the  day. 
For  this  purposea  small  switch, 
Fig.  503,  is  used,  by  means  of 
which  the   bell  may  be   short- j 
circuited.     The  wires  are  rur 
the   back   of    the    switch,    • 
connection   being   to  the  lever 
arm  at  a,  the  other  to  the  contact  piece  /'. 

1312.  The   connections    for   the  autumalic   drop   are 
shown  in    Fig.    504.     The  circuit  obtained  on  pressing  the 

push-button/  is  from  the 
positive  pule  of  the  bat- 
tery A'  through  the  push 
to  the  terminal  a  of  the 
drop,  through  the  magnet 
coils  to  terminal  d,  then 
to  the  negative  pole  of 
the  battery  by  way  of  the 
bell.  Immediately  the 
drop  (/  falls,  the  magnet 
coils  are  cut  out,  the  cur- 
rent being  diverted  at  C 
iiid  passing  by  way  of  the  new  contact  from  terminal  c  to 
thence  through  the  bell,  as  before,  to  the  battery. 


ASSUNCIATORS. 

1313.  When  a  number  of  push-butioiiB  is  used  in  a 
Jl-bell  system,  as  in  the  different  rooms  of  a  house  nr 
>tel,    it    becomes    necessary   to   provide  some    means    of 
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determining  which  ot  these  buttons  has  been  pressed  whenj 
the  hell  rings,  in  order  thati 
the  call  may  be  answered.!" 
The  instrument  enipKiyudI 
is  chilled  an  annunciator)  T 


of  which  an  indicatur  ajjpears  when  the  bell 
from  which  room  the  signal  has  been  sent.  A 
handle  h  at  the  side  is  intended  to  be  used  to 
restore  the  indicators  to  their  normal  position 
when  the  call  is  answered.  A  view  of  the  in- 
dicator itself  is  given  in  Fig.  oOB.  A  hinged 
arm  a  carries  a  card,  bearing  the  name  or 
number  of  the  room  to  which  the  drop  is 
connected,  and  is  held  up  in  the  position 
shown,  by  a  counterbalanced  trip  /  in  from 
of  an  electro-magnet  ni.  As  soon  as  a  cur- 
rent passes  through  the  electro- magnet  ihe 
trip  is  attracted  and  the  indicator  falls, 
being  then  visible  from  the  outside,  through 
one  of  the  openings  in  the  front, 

1314.  The  needle  annunciator.  Pig. 
507,  is  a  style  much  used  in  hotels  and  for 
elevators.     The  current,  on  passing  through 


and  the  ordinary  house 
style  is  shown  in  Fig.  fi05. 
On  the  face  are  rows  of, 
small  windows,  before 

showing 


I 
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I  the  electro- magnet  of  an  indicator,  attracts  a  pivoted  iron 

I  armature  carrying  a  pointer  p  on  the  outside  dial,  causing 

I  it  to  set  in  an   oblique  position,  in  which  it  is  held  by  a 

I  calch  until  released  by  pressing  the  knob  /'  below  the  case. 


WIRING  FOR    SIMPI.E   ANNUNCIATOR. 

1315*     A    wiring   diagram    for  a    simple   annunciator 

system  is  shown  in  Fig.  508, 

The  pushes  1,  S,  S,  etc.,  are 

located  at  convenient  points 

in  the  various  ruoms;  one 

terminal  being  connected  to 

the  battery  wire  It.  and  the 

other  to  the  leading  wire  / 
I  communicating  with  the 
I  annunciator  drop  corre- 
I  spending  to  that  room.     A 

battery    of    three   or    four 

Leclanche  cells  is  placed  ai       .-. 
F  a,  in  any  convenient  loca-   ^n'l 

tion,  but  should  not  be  set  '''"'  ™* 

I  in  a  dark  or  inaccessible  spot,  or  exposed  to  frost. 

WIRING  FOR    aKTURN-CAI.1.  ANNUNCIATOR. 

1316.     In  Fig.  50!)  is  illustrated  a   return-call  system 

requiring  one  battery  wire  d,  one  return  wire  r,  and  for  each 

[  room  one  leading  wire  /„  /,.  etc.     The  annunciator  board  is 

f  divided  into  two  parts,  the  upper  part  having  the  numbered 

(  drops,  and  the  lower  the  return-call  pushes.     Each  room  is 

[  provided   with    a   double-contact   push,    siich    as    that    in 

I  Fig.  filO.     The  tongue  I  makes  connection  normally  with 

rthe   upper   contact    c,   but   when   pressure   is   put   on   the 

^knob  k,  the  tongue  is  forced  against  the  lower  contact  c'. 

The  return-call  pushes  on  the  lower  board  of  the  annunci- 

(stor  are  of  the  same  description,  but  all  these  pushes  are 

town  diagrammatically   in    Fig,   SO!t,   for  convenience   in 

^tracing   out   the   circuits.     The   closing  of  the   circuit   by 

Ipresstng    the    push-button    in    any    room,    as,    for   example 


I 


834  ELECTRIC-LIGHT  WIRING 

No.  i,  rings  the  ofGce  bell  and  releases  the  corresponding 
drop.  The  path  of  the  cur- 
rent is  then  from  the  push  4 
taacdefgBkb,  and  back 
to  the  lower  contact  of  the 
push-button.  On  the  re- 
'  turn  signal  being  made  from 
the  office,  the  annunciator- 
bell  circuit  is  broken  at  d, 
and,  the  push-button  in  the 
room  being  released,  a  new 
circuit  is  formed  through  k, 
as  follows:    From  the  bat- 


tery I'  to  g  m  r  II  I'  a  c  k  p  to  the  battery,  the  room  bell 
being  in  this  circuit. 

1317.  In  installing  annunciator  systems,  it  is  usual  to 
run  the  battery  wire,  which  is  No.  14  or  l(i  annunciator 
wire,  through  the  building  at  some  central  portion.  If  there 
arc  many  rooms,  it  will  be  advisable  to  splice  on  a  length  of 
No,  18  wire  to  ccteiid  from  the  push  in  each  room  to  the 
battery  wire.  The  connection  from  the  other  side  of  the 
push-button  to  the  annunciator,  that  is,  the  leading  wire, 
should  be  No.  18.  For  the  return-call  system,  a  battery  of 
four  or  five  Leclanche  cells  is  required. 

KdH.  All  wires  used  in  aniuinciator  service  should 
have  dislinjiuishing  colors  to  prevent  confusion.  The 
battery  win:  may  be  )jIuc,  the  return  wire  red.  and  the 
leading"  wires  while.  This  ;irr;inL;enu'nt  will  greatly  simplify 
the  connections,  and  reduce  the  liability  of  mistake. 
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mriRINO  FOR   ELEVATOR   AKNUMCIATOR. 

1319.  The  wiring  for  an  elevator  annunciator  is  not 
naterially  different  from  that  used  in  the  simple  annuncia- 
tor described  in  Art.  1315.  A  single 
No.  14  wire  b.  Fig.  511,  is  connected  to 
one  pole  of  the  battery  B  and  carried 
all  the  way  up  the  elevator  shaft,  where 
connection  is  made  to  the  pushes  at  each 
floor,  as  shown  at  1,  '2,  3,  4-  The  wires 
leading  to  the  annunciator,  in  the  eleva- 
tor c,  are  laid  side  by  side,  and  are  made 
up  into  a  single  cable  c  for  convenience, 
each  wire  being  independently  insulated ; 
one  end  of  the  cable  is  then  made  fast  at 
a  point  It  midway  up  the  elevator  shaft, 
and  connections  are  made  from  the  re- 
maining terminals  of  the  push-buttons 
to  the  wires  in  the  cable  leading  to  the 
corresponding  annunciator  drops.  The 
electrical  circuit  is  completed  by  a  return 
wire  r  to  the  battery. 

SPECIAL     ELECTRIC    FITTINGS. 


THE  ELECTRIC  DOOR-OPEKER. 

1320.     In     apartment     houses     the 

■opener  is  frequently  replaced  to  advantage 

ew  of  one  of  these   is 


tmechanic;! 

l>y  one  operated  electrically. 

pven  in  Fig,  513,  which  shows  the  position  of  the  different 

•arts  when  the  door  is  open.     The  latch  a  slides  horiKuntally. 

cing  guided  at  the  back  by  the  rod  r,  and  is  moved  by  the 

wer  /,  which  is  pivoted  at  its  center  o.     A  cam  c  is  con- 

KCted  to  the  pin  />,  which  has,  at  its  lower  end,  a  crank  i>, 

1  the  position  shown,  by  means  of  a  powerful  spiral 

ring  jr;  when  the  door  is  closed,  the  cam  is  forced  around 

_   ^inst  this  spring,  thereby  turning  the  crank  fi,  so  that  the 

coil  spring  (^  is  extended.     If  the  latch  lever  /  were  free  to 

move,  it  would  at  once  fly  back  on  account  of  this  tension, 

carrying  the  latch  with  it;  but  the  lower  end  of  the  lever 
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is  held  in  a  notch  in  the  arm  e,  the  far  end  of  vhich 
is  supported  by  the  armature  /, 
working  on  a  pivot  at  the  lover 
end,  and  placed  in  front  of  the  poles 
of  a  double  electro-magnet  m,  m. 
The  wires  from  the  battery  and 
push-button  are  connected  to  the 
terminal  g-  and  the  wire  w.  On 
closing  the  door,  the  cam  is  pressed 
inwards  by  a  projection  on  the  door 
frame,  and,  in  turning,  it  moves  the 
crank  around  and  extends  the 
spring,  as  already  noted.  On  then 
closing  the  circuit  through  the 
electro-magnet  m,  m,  the  armature 
/  is  attracted ;  the  arm  e,  being  no 
longer  supported,  is  forced  down  by 
the  pressure  of  the  end  of  the  lever 
/  in  the  notch,  and  the  lever  turns 
around  the  pivot  a,  thereby  drawing 
back  the  latch  a  and  permitting  the 
door  to  be  opened.  As  soon  as  this  is  done  (the  pressure 
being  removed  from  the  cam),  the  spiral  spring  revolves  the 
crank,  and,  compressing  the  spring  i/,  pushes  the  latch  lever 
/  back  to  its  original  position;  the  arm  ^  also  returns  to  a 
horizontal  position,  by  spring  pressure,  as  soon  as  the  lever 
enters  the  notch.  The  armature  _/ flies  back  from  the  mag- 
net face  as  soon  as  the  current  is  cut  off,  so  that  the  appa- 
ratus is  ready  for  operation  again  after  the  door  has  been 
opened  and  closed.  Since,  in  closing  the  door,  the  latch 
will  not  move  back,  an  extra  spring  latch  is  provided  on  the 
doorframe;  this  is  also  convenient  when  opening  the  door  by 
hand  from  the  inside.         

BUHGLAH   ALARMS. 

1321.  Automatic  switches  maybe  placed  on  windows 
and  doors,  in  connection  with  alarm  bells,  to  indicate  when 
entrance  into  a  building  is  being  forced.  There  are  two 
methods  of  installing  these  alarms:   the  open-circuit   and 
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the  closed -circuit  systems,  The  opea-clrcult  system  is 
usually  employed,  in  which  the  connections  arc  entirely  sim- 
ilar to  those  of  an  ordinary  electric-bell  circuit,  the  auto- 
matic circuit-closing  device  being  substituted  for  the 
push-button.  A  window-spring  employed  in  this  system  is 
shown  in  Fig.  513.  This  is  let  into  the  window  frame,  the 
cam  c  alone  projecting:  when  the  window  is  raised,  the  cam 
is  pressed  in,  revolving  about  the  pin  /,  and 
makes  contact  with  ihe  spring  s,  which  is  insu- 
lated from  the  plate  by  a  washer  at  the  lower 
vnd,  and  is  nominally  prevented  from  touching 
the  i.atn   by  an   insidatinn;  wheel  u\      The  wires 


from  the  bell  and  battery  are  connected  to  the 
plate  and  spring,  respectively. 

1322.     In    the    closed-circuit     system, 

automatic  switches  of  various  styles  are  em- 
ployed, but  the  contacts  are  held  together  when 
*■"*■""'*  the  alarm  is  set,  and  a  movement  of  the  window 
or  diwr  breaks  this  contact.  Two  batteries  are  required  for 
this  system,  one  being  a  closed-circuit  gravity  battery,  indi- 
cated at  bin  Fig.  614,  connected  in  series  with  a  resistance  r  of 
about  200  ohms,  the  magnet  coils  of  the  bell  «,  and  the  alarm 
switch  s.  The  armature  of  the  bell  is  thus  held  away  from 
the  back  contact  i".  The  open-circuit  Leclanche  battery  b'  is 
connected  to  this  contact  and  to  the  far  terminal  of  the  magnet 
coils;  the  circuit  is,  therefore, nominallyopen,  but, as  soon  as 
the  main  circuit  is  opened,  by  moving  the  alarm  switch,  the 
spring  on  the  armature  uf  the  bell  presses  it  against  the  back 
contact,  thereby  closing  the  local  circuit  through  the  bell. 
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RUlflilVIO  THB  WIRBA. 

1323.  The  directions  given  in  Arts.  12e7to  1273 
for  running  wires  apply  to  bell  work  in  some  degree,  but  in 

this  work,  the  wires  may  be  laid 
side  by  side,  provided  they  are 
properly  insulated.  All  wires  should 
be  concealed,  running  them  under 
molding  or  behind  the  baseboards 
of  rooms  or  hallways  when  con- 
Pio.  51ft.  venient.     When  it  is  necessary  to 

cross  a  room,  it  is  the  best  practice  to  run  parallel  with  the 
joists  under  the  floor;  but  when  the  wire  must  run. across 
the  joists,  flsbinur  must  be  resorted  ta  The  method  em- 
ployed is  illustrated  in  Fig.  515.  The  joists /are  located, 
and  diagonal  holes  are  bored  through  the  floor  on  each  «de, 
through  which  the  wires  are  drawn  by  means  of  a  fishing 
wire,  which  is  a  steel  ribbon  made  specially  for  this  pur- 
pose. 

m 

1 324.  When  a  push-button  is  to  be  placed  on  a  double 
partition,  a  g-inch  hole  is  drilled  at  that  point,  and  a  weighted 
line  is  dropped  through  in  the  intervening  space.  The  line 
is  then  fished  out  at  the  floor  level,  and  the  wire  attached. 
By  the  exercise  of  patience  and  ingenuity,  it  is  possible  to 
wire  an  old  building  in  such  a  manner  that  there  will  be  no 
trace  visible  of  the  wiring.  All  holes  used  in  fishing  should 
be  filled  with  wooden  plugs  after  the  wires  are  in  place. 


ELECTRIC    GAS-LIGHTING. 


BURNERS  FOR    PARALLEL  SYSTEM. 

1325*  In  the  application  of  electricity  to  gas-lighting, 
a  spark  is  caused  to  pass  between  two  conductors^  placed 
near  the  burner,  at  the  same  time  that  the  gas  is  turned  on. 
In  the  parallel  Hystcm  of  lighting,  each  burner  is  independ- 
ent of  all  the  others,  having  direct  connection  between  the 
battery  wire  and  ground.  Three  different  styles  of  burner 
are  used:  \\iq pendant^  the  ratchet^  and  thQ  automatic  burner. 


AND    BELL   WORK. 


S3fl 


1326.  The  pendant  burner  is  shown  in  Fig.  filt;.  A 
I  well-msulated  wire  is  brought  to  the  burner  and  secured 
under  the  head  of  the  screw  s,  thereby  making  connection  to 
the  stationary  contact  piece  c,  which  is  fastened  by  a  screw  / 
to  the  frame _/|  and  insulated  from  it  by  washers  ic.  On  pull- 
ing the  pendant  r  downwards,  the  spring  a  is  drawn  across  r, 
and.  on  passing  off  at  the  upper  side,  the  break  causes  a 
spark  which,  when  the  gas  has  been  turned  on,  will  ignite  it 


Fio.  Eie.  Fig.  .mt 

1327.  The  ratchet  burner  is  very  similar  to  the  plain 
i  pendant,  and  is  provided  with  a  ratchet  and  pawl  operated 
Lby  a  pendant,  a  downward   pull   turning  on  the  gas  at  the 

e   time  that   the   spark   is  produced.      A   second   pull 
I  extinguishes  the  gas. 

1328.  The  nutomotlc  burner  is  shown  in  Fig.  517, 
I  with  the  cover  removed.  Two  wires  must  be  provided, 
I  running  from  a  double  push-button,  one  of  them  leading  to 
■■the  wire  rt.  and  the  other  to  i*.  The  circuit  from  rt  is  through 
Ltbe  left-hand  magnet  coil  c  to  the  insulated  band  </,  which 
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has  a  projection  e  at  one  side.  Upon  this  rests  a  metal  rod 
r,  bent  at  the  upper  end,  and  terminating  in  a  contact  piece; 
at  the  lower  end  the  rod  is  grounded  by  connection  with  the 
frame/.  Each  magnet  coil  has  an  armature ^ or  ^,  with 
a  projecting  finger  on  the  inner  side  When  current  is  sent 
through  the  magnet  r,  the  armature  g  is  raised  and  turns  the 
gas  valve  \  by  striking  one  of  the  pins.  At  the  same  time 
the  rod  r  is  pushed  up,  thus  breaking  the  circuit  at  a  point 
where  the  gas  is  escaping,  and  producing  a  spark  which  will 
ignite  it.  To  provide  for  certain  action,  the  sparking  should 
continue  later  than  the  instant  of  turning  on  the  gas,  and 
this  is  effected  by  the  use  of  a  spring  to  restore  the  circuit. 
The  rod  r  is  forced  upwards  against  the  spring  5,  but,  when 
the  circuit  is  opened  at  the  spark  gap,  the  spring  presses  the 
rod  and  armature  down  again,  and,  the  circuit  being  thereby 
closed,  a  spark  is  again  produced  on  opening.  This  continues 
as  long  as  the  push-button  is  pressed,  the  action  being  similar 
to  that  of  an  electric  bell.  The  second  coil  h  is  grounded  at 
the  inner  end,  and,  when  a  current  is  sent  through,  the 
armature  ^  is  raised,  turning  the  valve  and  cutting  off  the 
supply  of  gas. 


ARRANGBMBNT  OP  LIGHTING   APPARATUS. 

1329.     The  apparatus  used  in  electric  gas-lighting,  on 
the  parallel  system,  consists  of  a  battery  of  about  six  cells,  of 
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a  type  giving  a  strong  current,  such  as  the  Fuller  mercury 
bichromate  battery,  and  of  a  spark  coil  connected  in  series 
with  it.  The  spark  coil  has  a  single  circuit  of  fine  wire,  and 
its  action  is  to  produce  a  spark  by  self-induction  on  opening 
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Its  cirjuit,  when  used  in  connection  with  the  battery.  The 
arrangement  of  the  apparatus  is  shown  in  Fig.  518,  where 
k  is  the  spark  coil,  connected  at  one  side  to  the  gas  pipe  /, 
and  at  the  other  side  to  the  first  cell  of  the  series  r,  r,  etc. 
From  the  last  cell,  a  well-insulated  wire  is  carried  up  to  the 
gas  bracket  b^  and  connected  to  the  tip,  as  already  described, 
the  circuit  to  ground  being  completed  through  the  sliding 
contact  lever  a.  In  applying  the  gas-lighting  system  to 
chandeliers,  the  wire  is  run  in  the  space  between  the  gas 
pipe  and  outer  tube,  and  great  care  must  be  exercised  in 
insulating  at  all  points  where  sharp  metal  edges  are  passed, 
as  the  E.  M.  F.  used  is  very  high.  Gas  brackets  usually 
have  but  a  single  pipe,  and  the  wire  should  be  run  on  the 
lower  side,  being  tied  on  with  thread  and  shellacked.  When 
the  shellac  is  dry,  the  thread  may  be  removed,  and  the  wire 
will  adhere  to  the  metal.  A  short  helix  should  be  made 
wherever  there  is  a  joint,  to  prevent  the  wire  from  breaking 
as  a  result  of  frequent  turning  of  the  bracket.  The  wire 
used  for  this  part  of  the  construction  is  No.  20  or  22,  B.  &  S. 
gauge,  well  insulated,  and  colored  to  suit  the  bracket.  For 
the  house  circuits.  No.  14  or  16  wire  should  be  used. 

1330.     A   diagrammatic    arrangement  of  gas-lighting 
apparatus  is  shown  in  Fig.  519,  indicating  the  method  of 
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connection  of  the  automatic  and  pendant  burners.  The 
spark  coil  s  is  grounded  at  C,  and  connected  to  the  battery 
B  at  the  other  terminal.  The  battery  wire  b  runs  the  full 
length  of  the  circuit,  branches  being  taken  to  the  pen- 
dants/,/, and  double  wires  to  the  automatic  a^  the  battery 


ELECTRIC-LIGHT  WIRING 


wire  connecting  with   both   buttons  of  the  double   push< 
button  c, 

1331.  Since  the  battery  is  momentarily  short-circuited 
every  time  a  spark  is  obtained,  it  would  soon  run  down  if 
the  contacts  on  the  burner  were  to  remain  permaneatly 
touching.  To  give  notice  of  this,  a  relay  (Fig.  SSO)  may 
be  used  in  series  with  the  battery,  the  current  entering  at  b 
and  passing  out  at  c,  after  circulating  around  the  coiL  The 
magnetic  circuit  is  completed  by  an  armature  a,  which  is 


-^^^^'-^fcijnjiiiW 


held  back  against  a  stop  by  the  weight  iv  when  no  current 
is  passing.  If  a  short-circuit  occurs,  the  armature  is  at- 
tracted, and  the  spring  d  is  pressed  against  the  platinum- 
tipped  screw  s,  completing  a  local  circuit,  by  means  of  the 
wires  e,  f,  through  a  vibrating  bell  and  one-cell  batt^y. 
The  current  used  in  lighting  the  gas  at  a  burner  is  of  such 
short  duration  that  the  bell  is  not  rung.  A  modification  of 
this  arrangement  is  to  provide  an  armature  on  the  spark 
coil  itself,  which  shall  close  a  local  alarm  circuit  when  the 
battery  is  short-circuited. 
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JU>I>A1IATUS   FOR    MULTIPLB-LIGHTING    SVSTBM. 

1332-     The  multiple,  or  series,  Hystem  of  gas-H^ht- 
King  is  used  in  large  halls  where  many  lights  are  installeJ  in 

■  groups.      A  fixed  spark  gap  is  used  at  each  burner,  both  of 

■  the  points  being  insulated  from  each 
[other  and  from  the  gas  pipe,  except  the 

last  point  of  a  series,  which  is  grounded. 
■The  style  of  burner  used  is  shown  in 
IPig.  521,  ill  which  a  and  b  are  the 
ftpoints  of  the  spark  gap.  To  complete 
•the  connection  between  consecutive 
fburners,  a  fine,  bare  copper  wire,  about 
I  No.  26  gauge,  is  stretched  across,  be- 
ling  secured  through  the  small  holes  at  '"^  '"'■ 

Kthe  lower  ends  of  the  strips  a,  b.  The  body  of  the  burner 
|is  made  of  some  insulating  substance,  and  a  flange  of  mica 
I  is  added  to  give  further  protection.  Since  one  circu't 
I  may  consist  of  a  large  number  of  burners,  it  will  be  seen 
I  that  the  E.  M.  F.  must  be  very  high  to  force  a  curient 
Kacross  so  much  air  space,  and,  to  ensure  success,  the  wiring 
Imust  be  installed  with  the  greatest  precautions.  The  wire 
Rjdiould  nowhere  be  nearer  than  1^  inches  to  the  gas  pipe, 
■but  where  it  is  necessary  to  approach  closely,  the  wire 
BBhouId  be  enclosed  in  glass  tubing. 

The  apparatus  required  for  this  system  of  gas-lighting 
{.consists  of  an  induction  coil    /,  Pig.  522,  operated  by  a  bat- 
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*ry  B,  and  used  with  a  condenser  c  across  the  spark  gap  of 
the  primary/.  The  condenser  cuts  down  the  spark  at  the 
circuit -breaker,  for  this  spark  would  be  very  destructive  in 
the  case  of   a    large   coil.      The  fine   wire   secondary  s  is 
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grounded  at  G,  and  the  other  terminal  is  connected  to 
the  line  wire  /  passing  to  the 
burners, 

1333.  Frlctlonal  ma- 
cbloes  are  also  used  in  the  mul- 
tiple-lighting system,  and  gen- 
'  erate  static  electricity,  such  as  is 
produced  when  a  rubber  comb  is 
passed  through  the  hair.  One 
form  of  this  machine  is  shown  in 
I  Fig.  523.  One  of  the  terminals/ 
I  is  to  be  connected  to  the  switch 
indle  J,  and  the  other  g  to 
ground.  The  machine  is  re- 
volved by  means  of  the  handle 
//,  and  the  switch  is  moved  from 
one  contact  to  the  next,  lighting  the  gas  on  each  circuit 
1,  S,  3,  4  in  rapid  succession. 
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QUESTIONS   AND    EXAMPLES 

Relating  to  the  Subjects 
Treated  of  in  This  Volume. 


It  will  be  noticed  that  the  questions  and  examples  con- 
tained in  the  following  pages  are  divided  into  sections 
corresponding  to  the  sections  of  the  text  of  the  preceding 
pages,  and  that  each  section  has  a  headline  which  is  ttfe 
same  as  the  headline  of  the  section  to  which  the  questions 
refer.  No  attempt  should  be  made  to  answer  any  questions 
or  to  work  any  examples  until  the  corresponding  part  of 
the  text  has  been  carefully  studied. 


PLUMBING  AND  DRAINAGE. 


(ARTS.  653-827.) 


EXAMINATION   yUESTIONS. 

(387)  What  cements  would  you  use  for  the  following 
work,  and  how  would  you  use  them:  (i/)  For  jointing 
earthenware  drain  pipes  ?  (^)  for  jointing  marble  slabs  ? 
(c)  for  jointing  woodwork  around  plumbing  fixtures?  (</)  for 
jointing  slate  slabs  ? 

(3tiS)  (rf)  What  class  of  a  shut-off' valve  is  best  adapted 
for  placing  on  a  water  pipe  ?     Give  your  reasons. 

(^)  What  class  of  faucets  should  be  used  to  supply  water 
under  heavy  pressure  to  a  kitchen  sink  ?     Give  your  reasons, 

(38B)  (rt)  What  is  a  flux  ?  {!>)  Describe  its  use.  {<-) 
What  flux  would  you  use  to  join  clean  zinc  ? 

(390)  Describe  briefly  with  sketch  how  you  would  solder 
together  two  pieces  of  Itt-ounce  sheet  copper  tinned  on  one 

I   side  only.      The  seam  must  be  strong  and  water-tight, 

(391)  (i7)  Give  a  sketch  of  a  wiped  joint  on  a  l^-inch 
■water  pipe;  (i)  of  a  joint  upon  a  l^-inch  waste  pipe,  (f) 
Describe  how  each  is  prepared  and  secured  for  wiping  in  a 

[  boriKontal  [msition  on  the  bench, 

(302)  E-xplain  what  must  be  carefully  guarded  against 
I  in  the  preparation  of  branch  joints, 

(303)  Describe  how  you  would  wipe  an  upright  corner 
seam  in  a  lead-lined  tank. 

(394)  Why  is  air  mixed  with  the  gas  before  its  combus- 
I  lion  at  the  orifice  of  the  ordinary  compound  blowpipe  ? 

(395)  What  are  pipe  tacks  ?  What  are  they  used  for,  and 
[  of  what  material  should  they  be  made  ? 

{39C)  What  do  you  understand  by  iO-oz,  sheet  copper, 
I  and  what  is  the  cost  of  a  sheet  of  such  material  IIO  x  l'(> 
\  inches  at  the  rate  of  2S  cents  a  pound  ?  Ans.  tU. 

Per  notice  "i  till.-  i:i)|>yrl«hi,  i-:c  {Mgc  immnllau-ly  ti.Il..wiiiK  th*  title  [MW& 
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(307)  What  is  plumbers*  soil  ?  How  can  it  be  applied  to 
the  greasy  surface  of  sheet  lead  ? 

(308)  Two  tanks,  A  and  B,  set  on  the  same  level,  are 
joined  together  by  a  pipe  connecting  their  bottoms.  Water 
is  pumped  into  tank  A  and  flows  through  the  pipe  into  tank 
B.  Describe  clearly  what  attachment  can  be  used  to 
prevent  the  water  in  B  from  returning  to  A. 

(300)     How  can  chloride  of  zinc  be  made  ? 

(400)  Give  a  description  of  the  sweating  of  a  seam  while 
being  soldered. 

(401)  Describe  the  process  of  **  getting  up  the  heat  "  on 
an  underhand  wipe  joint. 

(40*i)     What  is  a  splash  stick  ?     Explain  its  use. 

(403)  A  rectangular  house  tank  has  a  seam  in  each  inside 
angle.  State  how  you  would  wipe  the  seams,  where  you 
would  begin,  and  where  end. 

(404)  How  can  you  tell  when  too  much  gas  is  admitted 
to  the  compound  blowpipe  flame,  and  what  would  be  the 
result  if  such  a  flame  were  used  for  brazing  ? 

(40'))  IIow  should  leaden  waste  pipes  2,  3,  and  4  inches 
in  diameter  be  su|)p()rted  when  in  a  vertical  position  ?  How 
when  in  a  nearly  horizontal  position  ? 

(4oi;)  I)('S(M-il)c  briefly  how  the  malleability  and  ductility 
of  zinc  nrr.  airected  l)y  first  increasing  the  temperature  from 
40^  F.  to  •»::)'  F.,  and  then  from  275°  F.  to  400°  F. 

(4o7)  Describe  an  ordinary  and  a  flush  fitting  for  wrought- 
iron  pii)c,  and  mention  upon  what  the  tightness  of  the  joint 
in  each  (le])en(ls. 

(4os)  A  eoncTete  basement  floor  has  a  drain  pipe  to  con- 
vey water  spilled  ii|)()n  it  to  the  sea.  During  very  high  tides 
sea-water  backs  up  {hv.  (b"ain  and  flotxis  the  floor.  Describe 
elearly,  with  sketeh,  showin;j:  all  attachments,  the  arrange- 
ment you  would  use  to  avoid  these  floods. 

( lo'.i)  Why  is  brass  or  copp(;r  work  tinned  before  it  is 
sold(M*ed  ? 


PLUMBING   AND    DRAINAGE, 


84t» 


(410)  How  can  yrm  tell  when  the  copper  bit  is  loo  cold 
1  to  continue  soldering  and  do  good  work  ? 

(411)  Describe  the  process  of  wiping,  and  at  what  part 
of  the  operation  of  joint  making  it  should  begin. 

(412)  What  class  of  branch-joint  is  best  adapted  for 
f  horizontal  waste  pipes  ?     Give  your  reasons. 

(413)  Give  a  sketch  in  section  through  a  locked,  or  double, 
[  seam  in  a  sheet-copper  tank  lining. 

(414)  How  can  you  distinguish  the  presence  of  too  much 
lir  in  the  blowpijie  flame,  and  how  does  it  affect  the  ilame  ? 

(41fi)  What  is  the  objection  to  the  supporting  of  leaden 
pipes  at  intervals  in  their  lengths,  and  how  are  such  pipes 
affected  by  periodical  flows  of  hot  water  through  them  ? 

(410)  What  is  galvanized  sheet  iron,  and  what  is  the 
weight  of  a  sheet  30  X  72  inches,  whose  number  by  the 
Birmingham  wire  gauge  is  22  ?  Ans.   19.80  II'. 

(417)  Describe  the  difference  between  packed  and  ground 
unions.     What  kind  of  a   union  would  you  use  for  3-inch 

I  wrought-iron  pipes? 

(418)  Describe  an  arrangement  that  may  be  attached  to 
y  a  kitchen  boiler  to  prevent  a  rupture  by  overpressure,  or 
f  its  collapsing  from  a  partial  vacuum  formed  within  it. 

(41*,))  How  would  you  tin  a  soldering  bit  with  sal-ammo- 
Lniac  as  a  flux  ? 

(420)  Describe  clearly,  with  sketch,  how  you  would  join 
■  together  two  pieces  of  7-pound  sheet  lead. 

(481)  Describe  two  methods  of  finishing  off  a  wipe  joint. 
C  What  dangers  are  connected  with  them  ? 

(433)  Describe  a  flange  joint  and  state  how  you  would 
|;iripe  one  in  position  against  a  vertical  wall  finished  with  oak 
I  vainscoting. 

(423)  Describe  the  method  of  preparing  sheet -copper 
iams  (tinned)  for  wiping,  supposing  that  the  tank  iron  is  to 
6  used. 
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(424)  What  is  the  color  of  the  blowpipe  flame  when  doing 
its  best  work  ? 

(425)  Describe  a  common  way  of  securing  wrought-iron 
pipes  in  position. 

(42G)  Explain  the  use  of  the  burr  in  riveting  operations, 
and  on  what  class  of  work  is  it  most  commonly  used  ?  Also 
state  what  class  of  rivet  is  best  adapted  for  riveting  the 
seam  of  a  wrought-iron  cylinder  subjected  to  heavy  water 
pressure. 

(427)  What  flaws  in  cast-iron  pipes  are  often  the  result 
of  casting  the  pipes  in  a  Horizontal  position  ?  How  can  the 
flaw  be  detected  without  cutting  the  pipe  ? 

(428)  A  building  is  to  be  supplied  with  water  from  a  res- 
ervoir situated  at  an  elevation  of  325  feet  above  it.'  The 
pressure  desired  within  the  building  is  25  pounds  per  square 
inch.  Describe  an  arrangement  that  can  be  placed  on  the 
pipe  to  accomplish  this  end.     (Use  no  intermediate  tanks.) 

(429)  How  will  the  tinning  on  a  soldering  bit  be  affected 
by  heating  the  bit  to  redness  ? 

(430)  What  do  you  understand  by  floating  a  seam  ? 
What  class  of  soldering  iron  is  best  adapted  for  floating  a 
seam  on  sheet  lead  ? 

(431)  Mention  two  advantages  obtained  by  the  rapid 
cooling  of  a  joint  when  wiped;  also  how  the  cooling  is  usually 
accomplished. 

(432)  Describe  briefly  the  process  of  preparing  and 
wiping  a  brass  ferrule  on  a  four-inch  lead  pipe.  Show  by  a 
sketch  the  connection  as  it  appears  when  finished. 

(433)  What  grade  of  sheet  copper  or  sheet  lead  would 
you  use  to  line  a  rectangular  house  tank  6x5  feet,  and 
4  feet  deep  ? 

(434)  Describe  briefly  the  process  of  brazing  a  butt  joint 
on  two  pieces  of  sheet  C()i)i)er  ^  inch  thick. 

(435)  What  kind  of  a  hanjj^er  or  chnnp  would  you  use  to 
secure  brass  tubing  to  the  walls  of  a  kitchen,  and  why  ? 
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(4;!fj)  Calculate  the  weight  of  the  following  pieces  of 
pipe  :  (a)  One  piece  of  J-inch  (inside  diameter)  A  A  lead 
pipe,  26  feet  6  inches  long;  (i)  one  piece  of  1^  inch  waste 
pipe  8  feet  9  inches  long;  (c)  one  piece  of  |-inch  A  A  block 
tin  pipe  37  feet  3  inches  long.  {  (a)  93.7fi  lb. 

Ans.  i  {i>)  17.6  1b. 
(   (--)  0  lb.  6  oz. 

{437)  Describe  briefly  how  you  would  proceed  to  make  a 
right-angle  bund  in  {a)  a  4-inch  lead  waste  pipe;  (i^)  a  If-inch 
lead  waste  pipe;  (r)  a  J-inch  A  lead  pipe;  (</)  a  li-inch  thin 
seamless  drawn  brass  tube;  (r)  a  3-inch  wrought-irnn  pipe; 
the  radius  of  the  curve  to  be  5  times  the  diameter  of  the 
pipe. 

(438)  A  piece  of  copper,  a  piece  of  lead,  and  a  piece  of 
tin  are  heated  to  70(1°  F.    What  will  be  the  result,  and  why  7 

(43'J)  (a)  What  is  the  object  of  soiling  metals  before 
joining  them  with  solder  ?  (A)  About  what  width  of  soiling 
is  required  for  wipe  joints,  and  (f )  what  for  copper  bit  work  ? 

(440)  (ff)  Describe  clearly  how  you  would  float  a  joint 
around  a  3-inch  lead  waste  pipe  in  a  horizontal  position. 
{6)  What  must  be  guarded  against  in  such  work  ? 

(441)  Explain  the  use  of  mirrors  in  joint  wiping. 

(442)  (a)  Describe  with  sketch  a  collar  for  upright  joint 
wiping.     (A)  Of  what  material  should  it  be  made,  and  why  ? 

(443)  What  are  solder  dots  ?  Explain  their  use  and  how 
far  apart  they  should  be  spaced  iu  the  tank  in  Question  433. 

(444)  {a)  Show  by  sketch  and  written  explanation  the 
method  of  joining  cast-iron  soil  and  waste  pipes.  Give  the 
names  of  the  different  parts  of  the  joint, 

(^)  What  grade  of  cast-iron  pipes  would  you  use  for  the 
soil,  waste,  and  vent  piping  of  a  building  80  feet  h-gh  above 
the  curb  ? 

(445)  A  S-inch  cast-iron  pipe  runs  vertically  against  a 
stone  wall  from  the  basement  of  an  eight-story  building  to 
Above  the  roof.  Show  by  sketches  how  the  pipe  should  be 
supported. 
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(446)  A  bundle  of  1^-inch  (nominal  diameter)  wrought- 
iron  pipe  of  standard  dimensions  weighs  1G9.35  pounds. 
How  many  lineal  feet  of  pipe  in  the  bundle  ?  Ans.   75. 

(447)  Describe  clearly  the  difference  in  construction  of  a 
plug  cock  and  a  compression  cock,  and  state  whether  you 
would  use  a  ground  key  bibb  or  a  compression  bibb  for  draw- 
ing off  water  under  a  high  pressure.     Give  your  reasons. 

(448)  What  is  the  composition  and  the  temperature  of 
fusion  of  (a)  soft  spelter  ?  (b)  of  plumbers*  solder  (ordinary)  ? 

(449)  flow  would  you  prepare  copper,  brass,  and  iron  to 
receive  solder  ?  What  flux  would  you  use,  and  state  what 
grade  of  solder  is  best  adapted  to  such  work  when  the  copper 
bit  is  used  ? 

(450)  Describe  clearly  with  sketch  how  you  would  pre- 
pare, and  join  together  with  the  copper  bit,  two  pieces  of 
1^-inch  waste  pipe  placed  in  an  upright  position. 

(451)  In  wiping  a  joint  upon  a  large  lead  pipe  having 
both  of  its  ends  open  to  the  atmosphere  and  one  end  higher 
than  the  other,  what  would  you  do  to  prevent  an  undue  loss 
of  heat,  and  how  could  you  maintain  a  working  heat  with- 
out trusting  entirely  to  that  emitted  from  the  hot  solder  ? 

(4o2)  {a)  Explain  the  process  of  soft  soldering  with  the 
mouth  blowpipe,  {d)  How  can  you  tell  when  the  flame  is 
giving  the  best  results  ? 

(45)])  Describe  the  merits  of  sheet  block  tin  for  covering 
woodwork  around  plumbing  fixtures. 

(454)  Describe  the  method  of  running  lead  into  hori- 
zontal spigot  and  socket  joints. 

(455)  Show  by  sketc^h  how  the  pipe  in  Question  445  could 
be  securely  supported  with  pipe  rests  if  it  were  run  in  a  pipe 
chase. 

(4r)i;)  ((j)  l^^xplain  briefly  the;  difTcrcncc  between  butt 
and  hip-Avcldcd  wroiitj^ht-iron  |)i[)c.  {/f)  What  sizes  of  tlu! 
pi|)es  are  i)iilt  welded  and  which  lap  welded  ? 

(457)  "What  is  lial)le  to  happen  when  a  spring  cock  is 
attached  to  a  system  of  |)ii)infj;  ?     (live  your  reasons. 
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(458)  Describe  clearly  how  you  would  proceed  to  make 
10  pounds  of  plumbers*  fine  solder.  State  the  weight  of  the 
ingredients. 

(459)  What  precautions  must  be  taken  in  soldering  lead 
or  tin  ? 

(460)  Show  by  sketch  how  you  would  connect  a  lead 
water  pipe  to  the  branch  of  the  Tin  Fig.  151,  Art.  691, 
supposing  that  the  pipes  />\  B  are  run  vertically.  Give 
written  explanation,  stating  the  names  of  the  different  parts. 

(401)  Describe  the  method  of  preparing  a  T  branch-joint 
for  wiping. 

(462)  For  what  class  of  work  is  the  mouth  blowpipe 
flame  best  adapted  ?     Why  ? 

(463)  Explain  how  outside  and  inside  corners  can  be 
worked  on  sheet  block  tin. 

(464)  (a)  Describe  with  sketch  the  method  of  joining  a 
lead  waste  pipe  to  a  cast-iron  pipe.  (^)  What  class  of  fit- 
tings should  be  used  for  wrought-iron  soil,  waste,  and  drain 
pipes  ?     Give  your  reasons. 

(465)  What  is  the  safest  method  of  fastening  a  bolt  to  a 
marble  slab  in  such  a  way  that  a  hole  will  not  be  made 
through  the  slab  ?     Give  your  reasons. 

(466)  Describe  the  difference  between  seamless  drawn 
and  brazed  brass  tubing.     Which  is  the  stronger  ? 

(467)  A  storage  tank  is  to  be  filled  with  water,  and  the 
water-line  is  to  be  kept  nearly  imiform  without  overflowing 
the  tank.  Describe  an  automatic-acting  cock  suitable  for 
the  purpose. 

(468)  Suppose  that  while  working  on  a  job  some  brass 
filings  should  get  into  your  wiping  solder;  what  would  he 
the  result,  and  how  would  you  remedy  it  ? 

(469)  What  is  the  essential  requirement  of  the  soldering 
iron  as  regards  its  weight  ? 

(470)  What  is  an  overcast  joint;  how  is  it  made,  and 
what  is  it  generally  used  for  i 
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(471)  Draw  to  a  scale  of  full  size  two  sections  of  a  wiped 
S-inch  T  branch-joint,  the  lead  to  be  ^  inch  thick. 

(472)  What  metals  are  most  commonly  used  for  lining 
wooden  house-tanks  ? 

(473)  (a)  What  are  hard  solders  and  what  are  they  used 
for  ?     {d)  What  is  the  name  given  to  this  class  of  soldering  ? 

(474)  Describe  with  sketch  how  a  2-inch  lead  waste  pipe 
should  be  joined  to  a  4-inch  earthenware  pipe. 

(475)  Upon  what  does  the  stiffness  and  durability  of  a 
calked  joint  depend  ? 

(476)  (a)  Describe  a  cast-iron  soil  pipe,  and  explain  the 
difference  between  plain  and  coated  pipes,  (d)  Mention  a 
suitable  coating  and  how  it  should  be  applied. 

(477)  How  would  you  attach  a  globe  valve  to  a  pipe,  and 
explain  the  chief  objection  to  it  ? 

(478)  Distinguish  between  coarse  and  fine  solder.  If  the 
solder  is  too  coarse,  how  would  you  make  it  finer  ? 

(479)  How  is  heat  transmitted  from  the  copper  bit  to  the 
metals  to  be  joined  ?  Explain  the  use  of  tinning  a  copper 
bit. 

(480)  What  are  the  principal  points  to  be  considered  in 
joint  wiping  ? 

(481)  {a)  Describe  clearly  how  you  would  prepare  the. 
lead  lining  in  a  tank  for  a  wiped  seam. 

(d)  Describe  briefly  the  process  of  securing  and  wiping  a 
f-inch  T  branch  joint  in  the  horizontal  position. 

(482)  (a)  What  class  of  earthen  pipe  should  be  chosen  to 
convey  sewage  ?  (If)  Should  earthen  drain  pipes  be  laid  in 
made  ground  ?  Give  reasons,  {c)  What  objection  is  there 
to  running  an  earthen  drain  pipe  near  a  well  ? 

(483)  Describe  an  apparatus  suitable  for  brazing  medium- 
sized  articles,  such  as  1-inch  pipes,  etc. 

(484)  How  should  a  copper  roof  leader  be  connected  to 
a  cast-iron  pipe  in  a  building  ? 
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(485)  Why  should  the  burr  be  removed  from  the  cut  end 
of  a  wrought-iron  pipe  ?  Name  and  describe  the  method 
and  tool  used  in  this  operation. 

(486)  (a)  Describe  a  vitrified  earthenware  drain  pipe  and 
state  the  use  of  the  glaze  upon  it. 

(b)  What  is  the  effect  of  intermittent  discharges  of  steam 
or  very  hot  water  into  a  cast-iron  drain  pipe,  and  of  what 
material  should  a  drain  or  soil  pipe  be  made  to  successfully 
withstand  the  action  ? 


PLUMBING  AND  DRAINAGE. 

(ARTS.  828-963.) 


EXAMINATION   QUESTIONS. 

(487)  After  a  street  main  has  been  emptied  for  repairs, 
and  the  water  again  turned  on,  it  is  found  that  hot  water 
drawn  from  faucets  supplied  by  that  main  is  milky  in  appear- 
ance, but  soon  clarifies  from  the  bottom  up.  Explain  the 
cause  of  the  phenomenon. 

(488)  Explain  clearly  how  the  expansion  pipe  from  a 
kitchen  boiler  which  is  supplied  with  water  from  a  tank  on 
the  top  floor  can  be  employed  to  prevent  the  water  from 
boiling  in  the  kitchen  boiler. 

(489)  Explain  clearly  how  the  water  in  a  large  boiler  may 
be  heated  by  steam  from  the  house-heating  system.  What 
should  be  furnished  to  heat  the  water  when  the  heating  sys- 
tem is  not  in  use  ? 

(490)  Explain  briefly  how  porcelain  wash  bowls  are 
secured  to  marble  top  slabs,  and  how  the  junction  is  made 
water-tight ;  also  state  what  height  the  slabs  are  usually  set 
above  the  floor. 

(491)  Explain  the  principal  objection  to  the  side  outlet 
closet. 

(492)  How  and  from  what  source  are  modern  water-closets 
flushed  ?  What  head  is  required  for  a  good  flush,  if  a  l^J^-inch 
flush  pipe  is  used  ? 

(493)  Show  by  sketch  a  common  round  wash  bowl  with 
overflow  horn  connected  to  a  bottle  trap,  and  state  what 
constitutes  the  seal  of  the  bottle  trap. 

(494)  Explain    how  a  3-inch  cast-iron  waste  pipe  stack 

For  notice  of  the  copyrijjht,  seu  pu^e  immediately  f(i]1<>\vin)<  the  title  F>aKo. 
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should  be  continued  up  to  and  through  a  flat  tin  roof.     How 
is  the  intersection  with  the  roof  made  water-tight  ? 

(495)  What  are  air  chambers  used  for  ? 

(496)  Suppose  that  water  becomes  saturated  with  air 
while  in  an  open  reservoir  and  is  then  conveyed  by  pipes  to 
a  point  where  it  will  be  subject  to  a  pressure  of  88  lb.  per 
sq.  in.  by  the  gauge,  how  much  more  air  can  it  then  absorb  ? 

Ans.  24^^  of  its  volume. 

(497)  Which  is  the  more  safe,  a  cast-iron  water-back  or 
a  copper  pipe  fire-box  coil  ?     State  your  reasons. 

(498)  Of  what  material  should  storage  tanks  which  are 
exposed  to  the  weather  be  made  ?  Explain  the  construction 
of  such  tanks  and  state  if  it  is  necessary  to  line  them. 

(499)  Describe  clearly  how  a  basin  cock  should  be  at- 
tached to  a  marble  slab,  and  how  the  slab  should  be  finished 
to  prevent  water  from  soaking  through  the  holes  for  the 
cocks,  etc. 

(500)  Explain  briefly  the  action  of  the  siphon  jet  closet, 
and  state  from  what  it  derives  its  name. 

(501)  Describe  briefly  the  action  of  a  siphon  tank,  and 
explain  its  advantage  over  the  plain  flushing  tank. 

(502)  What  class  of  a  trap  would  you  place  under  a  bath 
that  is  very  seldom  used  ?     State  your  reasons. 

(503)  If  the  soil  and  waste  pipe  stacks  are  continued 
through  the  roof,  is  it  proper  to  ventilate  the  branch  pipes  ? 
If  so,  how  and  why  ? 

(504)  What  should  be  considered  in  selecting  a  lining 
for  tanks  to  contain  drinking  water?  What  metal  is  com- 
monly us(m1  in  lining  wooden  tanks  ? 

(505)  A  long  line  of  1-inrh  lead  pipe  is  run  between  the 
city  main,  and  a  lever-handled  ground  key  cock  is  wiped  on 
its  extreme  end.  (a)  Explain  what  will  result  from  rapid 
r)pening  and  (^losing  of  the  draw-oil  cock,  (d)  How  would 
you  guard  against  it  ? 
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(fiOfi)  Wliat  capacity  of  boiler  and  what  size  of  watcr- 
I  back  would  you  put  in  an  ordinary  dwelling  having  two 
I  baths,  two  basins,  one  set  of  tubs,  and  two  sinks,  supposing 
'  that  water  is  plentiful  ? 

(507)  Describe  clearly  the  principal  points  to  be  consid- 
ered in  the  construction  of  a  rectangular  wooden  house 
tank,  and  explain  with  sketch  how  a  tie-rod  can  be  used 
to    prevent    the    vertical    posts    from     bulging'   near    their 

[  centers.  ■ 

(508)  Mention  two  great  objections  to  the  use  of  plunger 
I  closets. 

(600)  Mention  two  methods  of  furnishing  water  to  a 
I  plunger  closet  without  the  use  of  overhead  flush  tanks. 
1  State  the  objections  to  such  methods  of  flushing  closets. 

(510)  Should  bell  traps  be  used  in  drainage  systems  ? 
^Why? 

(fill)  What  is  the  proper  point  at  which  to  attach  a  back- 
I  vent  pipe  to  a  vent  stack  ?     Give  your  reasons. 

(512)  If  a  water  storage  tank  is  located  on  the  top  floor 
I  of  a  building,  what  provision  should  be  made  to  prevent 
[  damage  to  the  building  by  leakage  from  the  tank  ? 

(513)  Explain  briefly  the  cause  of  hammering  noises  in 
I  kitchen  boiler. 

(514)  Explain  the  difference  between  single  and  double- 
I  riveted  boilers.  What  class  of  work  are  they,  respectively, 
I  adapted  for  ? 

(515)  How  is  water  admitted  to  a  house  tank  (a)  from 
Ib  street  main?     (^)  from  a  pump  ?     {c)  from  roof  gutters ? 

(518)  Show  by  sketch  a  copper  lined  wooden  bath-tub  of 
(the  common  form,  fitted  up  complete  with  pipe  connections 
Btor  hot  and  cold  water,  plug  and  socket  waste  connection, 
land  overflow  horn.  Use  a  running  trap,  and  place  a  lead 
■iftf^  under  the  bath. 
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(517)  What  particular  point  must  be  considered  in  con- 
necting the  hot  and  cold  water  pipes  to  showers,  sprays, 
etc.,  so  that  the  bather  may  not  be  scalded  ? 

(518)  'Explain  clearly  what  happens  when  the  handle  of 
a  pan  closet  is  raised. 

(519)  What  class  of  flushing  apparatus  may  be  used  to 
automatically  flush  a  urinal  every  five  minutes  ?  Explain 
how  it  operates. 

(520)  Should  refrigerator  waste  pipes  join  the  drainage 
system  ?  If  not,  is  there  any  use  of  trapping  refrigerator 
waste  pipes  ?     Give  your  reasons. 

(521)  What  pitch  should  be  given  to  a  2-inch,  a  4-inch, 
and  a  G-inch  drain  pipe  in  order  to  obtain  nearly  the  same 
velocity  in  the  flow  of  sewage  through  each  ? 

(522)  What  precautions  should  be  taken  in  connection 
with  the  use  of  tanks  for  the  storage  of  drinking  water  ? 

(523)  Show  by  sKetcti  how  you  would  connect  a  H  inch 
galvanized-iron  pipe  to  an  8-inch  cast-iron  street  main,  using 
a  3 -inch  corporation  cock.  Explain  the  use  of  the  different 
parts  and  the  materials  of  which  they  are  made. 

(524)  Show  by  sketch  the  most  common  method  of 
connecting  up  a  vertical  kitchen  boiler  5  ft.  long  and  15 
in.  in  diameter.  State  the  names  and  duties  of  the  several 
pij)cs. 

(525 )  Wluit  are  overflow  and  telltale  pipes  ?  When, 
how,  and  at  what  points  should  they  be  connected  toatank  ? 
State  also  the  use  of  a  standing  overflow  pipe  fitted  with 
phij^  and  socket  attachments  on  the  bottom  of  a  tank. 

(52(J)     I)eseril)e  a  combination  bath  cock.     Where  should 

it  be  altaehed  and  why  ? 

(Tril)  l^xplain  the  construction  of  a  hop[)er  closet,  and 
inenlioii  how  the  Hush  shouhl  l)e  applied. 

(r>-.*s)  Suppos(!  tliat  ten  washout  closets  are  set  side  by 
si(h'  in  a    row,  and  a  hir^e    water   tank'  placed   0  feet  above 
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them  extends  the  full  length  of  the  row.  {a)  What  arrange- 
ment may  be  used  to  automatically  flush  each  closet  separate- 
ly after  it  has  been  used  as  a  water-closet  ?  {d)  For  what 
class  of  buildings  is  this  method  of  flushing  closets  most 
suitable  ? 

(529)  (a)  Should  a  trap  be  used  for  each  fixture,  and  if 
so,  where  should  it  be  placed  ?  {d)  Where  should  rain-. 
water  leader  traps  be  placed,  and  what  should  be  considered 
regarding  their  seals  ? 

(530)  State  the  objections  to  large  pipes  for  drainage 
work. 

(531)  State  the  chief  reasons  why  buildings  should  be 
disconnected  from  sewers  and  cesspools, 

(532)  («)  What  is  a  street  washer  ?  (*)  Explain  its  use 
and  state  where  the  shut-off  cock  should  be  placed,  and  why. 

(533)  Suppose  that  in  Fig.  i  the 
stop-cock  a  on  the  cold-water  pipe  is 
shut  and  the  sink-cock  li  is  opened  for 
the  purpose  of  emptying  the  pipe  c, 
and  fire  is  allowed  to  remain  burning 
in  the  range ;  what  is  liable  to  happen  ? 
How  would  you  guard  against  it  ? 

(534)  Describe  the  principal  points 
to  be  considered  in  selecting  the  loca- 
tion of  sinks,  and  in  fitting  them  up. 
About  what  height  should  they  be  set 
above  the  floor  ? 

(5-35)     What  is  the  chief  objection 

to  a  standing  overflow  and  waste  pipe 

.  when  located  within  the  bath;  also,  to 

cocks  or  valves  projecting  inside  the 

hath? 

'■""■•  *■  {5;)ii)     Suppose  that  a  water-closet 

must  be  placed  in  a  back  yard  and  that  it  will  be  subject  to 
freezing  weather;  what  class  nf  a  closet  should  be  used? 
Where  should  the  trap  be  placed,  and  why  ? 
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(537)  Describe  the  construction  and  operation  of  a  set 
of  latrines.  What  class  of  work  are  they  commonly  used 
upon  ? 

(538)  If  a  considerable  quantity  of  grease  in  a  molten 
state  flows  into  the  waste  pipe  of  a  kitchen  sink,  along  with 
the  hot  water,  how  will  the  waste  and  drain  pipes  be  affected  ? 
How  may  the  difficulty  be  overcome  ? 

(53*J)  What  depth  is  the  water  in  a  drain  pipe  when  the 
maximum  velocity  of  flow  is  obtained  ?  Explain  the  cause 
of  this. 

(540)  What  is  an  anti-siphon  back-vent,  and  what  is  it 
used  for  ? 

(541)  What  should  b^  avoided  in  notching  beams  ?  If  it 
is  necessary  to  notch  them,  where  should  the  notches  be  cut  ? 
Give  reasons. 

(542)  Show  by  sketch  how  a  vertical  boiler  may  be  fitted 
up  so  that  hot  water  can  be  drawn  at  the  fixtures  before  the 
boiler  becomes  heated.  What  objection  is  there  to  this 
method  of  connection  ? 

(543)  Describe  two  forms  of  copper  pantry  sinks.  How 
are  they  supported  ? 

(544)  Describe  with  sketch  how  a  standing  waste  and 
overflow  can  he  applied  to  a  bath  without  occupying  space 
inside  the  l)ath.      Show  the  bath  full  to  overflowing. 

(545)  What  are  the  chief  objections  to  (a)  wooden  wash 
tubs  and  (/;)  slate  tubs  ? 

(540)  According  to  the  latest  theory,  what  should  be  the 
size  and  shape  of  a  closet  seat  ?     Give  reasons. 

(54T)     Describe  a  trough  closet  constructed  to  be  flushed 

autonKitically. 

(5  is)  How  can  the  water  seal  of  a  trap  be  protected 
ai^ainst  siphonai^t*  ? 

(51:1)  I)cscril)c  how  vitrificcl  earthen  drainpipes  should 
be  laid  and  joined.      What  prciautions  must  be  taken  ? 
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(550)  What  is  the  objection,  in  very  cold  districts,  to  the 
I  use  of  the  cowl  or  ordinary  pattern  of  vent  cap  as  a  cover- 
ing for  vent  pipes,  and  what  precautions  have  to  be  taken  in 

I  dealing  with  this  matter? 

(551)  Describe  an  air  lock  in  a  pipe.  Explain  its  effect 
!  when  water  flows  through  the  pipe  with  a  very  low  velocity. 

(552)  Suppose  that  a  wash  basin  on  the  second  floor  is 
I  located  a  considerable  distance  from  the  boiler  on  the  first 
'  floor,  and  that  the  cold  water  lying  in  the  pipe  must  be 
'  drawn  off  before  hot  water  can  be  obtained  at  the  basin ;  how 
!   can  the  piping  be  s<i  arranged  that  hot  water  will  flow  from 

the  faucet  at  the  instant  it  is  opened  ? 

(553)  (d)  Where  is  the  standing  waste  usually  located 
outside  the  French  style  of  bath  7   (d)  where  in  the  Roman 

[  style? 

(554)  Show  by  sketch  how  the  lead  waste  pipe  of  a  set 
of  three  porcelain  tubs  should  be  run.  The  waste  water 
must  discharge  into  a  3-inch  cast-tron  pipe  stack  at  the  back 
of  the  left-hand  tub.  Use  a  J  S  round  pipe  trap,  and  back- 
vent  it  into  the  stack. 

(555)  Describe  the  proper  method  of  joining  an  all- 
porcelain  closet  to  a  lead  soil-pipe  branch.  What  precau- 
tions must  be  taken  in  making  such  a  joint  ? 

(556)  Suppose  that  water  is  scarce,  and  a  continuous 
flow  can  not  be  obtained  to  flush  a  urinal,  what  do  you  con- 
sider to  be  the  ne.\t  best  method  of  flushing  it?  Provide 
for  carrying  away  floor  drippings. 

NoTB. — Periodical  flushing  tanks  must  not  be  used. 

(55T)  Suppose  that  an  old  pan  closet  has  to  be  removed 
'  and  a  front  outlet  washout  closet  put  in  its  place;  what 
J  alteration  must  be  made  under  the  floor  before  setting  the 
f  new  closet  ? 

(558)     Explain   the   use  of  inspection   pieces  and  hand- 
holes.     State  at   what   points  of   a   drainage  system   they 
should  be  attached. 
11.-3S 
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(559)  What  are  the  names  of  the  instruments  used  to 
find  the  pressures  on  {a)  the  pipe  supplying  water  to  a 
kitchen  sink  ?  (d)  the  suction  pipe  of  a  pump  which  is 
placed  20  feet  above  the  water  to  be  raised  ?  {c)  If  the 
instrument  applied  to  the  pipe  in  {a)  indicates  CO,  and  the 
instrument  applied  to  {b)  indicates  11,  what  is  the  difference 
in  pounds  per  square  inch  between  the  pressures  as  indicated 
by  the  instruments  ?  Ans.   (c)  71  lb. 

(560)  Describe  briefly  the  cause  of  water  circulation  by 
the  application  of  heat. 

(561)  (a)  Under  what  circumstances  are  horizontal 
kitchen   boilers   mostly  used  ?     (b)    Can   you  observe    any 

defects  in  Fig.  5,  which 
shows  a  common  vertical 
boiler  a  connected  in  a 
horizontal  position  to  the 
water-back  b  by  the  pipes 
c  and  d;  the  pipe  e  fur- 
nishes hot  water  to  the 
fixtures  and  the  other  pipe 
feeds  the  boiler  with  cold 
water;    if   so,   state  them 

and  show  by  sketch  what  alterations  you  would   make  to 

obtain  the  best  results  ? 

Note. — You  may  tap  the  boiler  at  any  point,  but  the  water-back 
must  remain  the  same. 

(50'2)  (a)  What  are  the  objections  to  wood,  steel,  and 
enameled  iron  as  materials  for  sinks  ?  (/;)  Describe  the 
chief  merits  of  [>^lazcd  earthenware  or  porcelain  sinks. 

(5f5:3)  How  and  at  what  point  is  the  hot  and  cold  water 
usually  permitted  to  enter  {(7)  a  porcelain  French  bath  ? 
(/;)  a  porcelain  Roman  bath  ? 

{5i)i)  Where  should  the  faucets  for  laundry  tubs  be 
[)hice(l  (a)  when  the  tubs  are  always  open,  as  in  a  laundry  ? 
(/')  wlu-n  they  are  fitted  with  covers  and  closed  when  not  in 
use,  as  in  the  kitchens  of  apartment  houses  ?  Give  your 
reasons  ? 


^ 


Fig.  5. 
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(565)  On  what  part  of  the  outlet  to  a  water-closet  should 
the  junction  between  porcelain  and  metal  be  made  ?  Give 
reasons. 

(566)  Define  sewage  and  sewer  gas.  Explain  how  the 
latter  is  generated,  and  state  the  diseases  that  are  liable  to 
result  from  inhaling  the  gases. 

(567)  Explain  the  use  of  a  local  vent,  and  state  what 
must  be  considered  in  running  the  vent  pipe. 

(568)  How  can  a  small  stream  of  water,  constantly  flow- 
ing, be  made  to  properly  and  automatically  flush  a  long  line 
of  drain  pipe,  supposing  that  the  source  of  the  stream  is 
10  ft.  higher  that  the  head  of  the  drain  ?  Describe  the 
operation  of  the  apparatus  required. 

(569)  {a)  To  what  height  will  water  rise  in  a  building  if 
the  pressure  in  the  supply  pipe  located  in  the  cellar  of  the 
building  is  38  lb.  by  the  gauge  ?  (6)  Would  it  be  advisable 
to  supply  a  fixture  from  this  pipe  if  its  vertical  height 
above  the  gauge  is  85  feet  ?     Give  reasons. 

Ans.   (a)  87  ft.  6^  in.,  nearly. 

(570)  How  does  pressure  affect  the  boiling  point  of 
water  ? 

(571)  Suppose  that  a  building  is  to  be  supplied  with 
water  from  two  separate  sources;  for  instance,  a  tank 
placed  on  the  top  of  the  building  which  will  furnish  hot  and 
cold  water  to  the  upper  floors,  and  the  street  mains  which 
will  furnish  hot  and  cold  water  to  the  lower  floors.  One 
water-back  must  heat  the  water  for  the  entire  building. 
(a)  What  class  of  boiler  would  you  use,  and  why,  and 
of  what  material  should  the  boiler  be  made  ?  {d)  Give  a 
sketch  of  the  boiler  and  the  pipe  connections.  Show  by 
arrows  the  currents  of  circulation. 

(572)  What  constitutes  a  good  water-closet  ? 

(573)  (a)  Should  the  flush-pipe  connection  to  a  porcelain 
water-closet    bowl    be    rigid    or    flexible  ?      Give    reasons. 
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{d)  Mention  a  common  connection  that  will  compensate  for 
any  ordinary  change  of  position  of  the  flush  pipe  or  closet, 
due  to  the  settlement  of  a  building,  etc. 

(574)  What  is  a  trap  ?  Explain  its  use,  and  show  by 
sketch  what  constitutes  the  seal  of  a  round  pipe  S  trap. 

(575)  Of  what  material  are  the  waste-pipe  branches  to 
fixtures  usually  made,  and  why  ? 

(576)  What  should  be  considered  in  selecting  the  location 
of  the  fresh-air  inlet  to  a  drainage  system  ?  State  how  a 
blow-back  can  occur  at  the  inlet. 

(577)  How  is  water  affected  by  using  pipes  made  of  (a) 
black  iron?  (b)  lead?  (^r)  galvanized  iron?  (d)  lead  lined 
with  block  tin  ? 

(578)  (a)  A  60-gallon  kitchen  boiler  is  filled  with  water 
having  a  temperature  of  40°  F.  What  will  be  the  cubical 
expansion  of  the  water  when  its  temperature  is  increased  to 
210°  F.  ?  {6)  If  the  expansion  can  only  travel  in  one  direc- 
tion, that  is,  up  a  vertical  pipe  1^  in.  in  diameter,  how  high 
would  the  water  rise  in  the  pipe  ? 


^^      ((.000:3.1  cu.  in. 
f  {/?)  28  ft.  ^i  in., 


nearly. 

(579)  Explain  clearly  how  the  sediment  pipes  should  be 
attached  to  a  double  boiler,  and  where  the  sediment  cocks 
should  be  placed.     Give  reasons. 

(580)  (a)  Describe  the  various  wash-basin  overflows  and 
waste  pipes  in  common  use.  (d)  Describe  a  stand-pipe 
waste,  and  explain  its  advantages  over  the  ordinary  waste 
plug. 

(581)  Describe  briefly  the  construction  of  a  front  outlet 
Avashoiit  water-closet,  and  state  the  proper  depth  of  water 
seal  in  the  trap;  also,  proper  depth  for  water  in  basin.  Give 
reasons. 

(o8'2)  (a)  What  constitutes  a  good  flush  in  a  water-closet  ? 
(/>)  How  can  the  efficiency  of  a  flush  be  approximately 
ascertained  ? 
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(583)  What  are  the  chief  objections  to  the  use  of  bottle 
traps  ?     Should  such  traps 
be  used  for  water-closets  or      I  ['^ 
urinals?     Give  reasons. 

(584)  Fig.  6  shows  a 
washout  closet  a  and  a 
copper  -  lined  bath  d  con- 
nected to  a  soil-pipe  stack 
c,  the  end  d  of  which  £ 
is  carried  straight  up  to 
and  through  the  roof.  No 
other  fixtures  discharge 
into  the  stack.  Show  by 
sketch  any  alterations  you 
may  consider  necessary  to 
make  a  proper  job  of  the 
whole.  The  closet  and 
bath  must  remain  in  the 
same  position,  and  the 
pipe  c  miist  run  down  be- 
tween the  door  c  and  par-  '''°'  '■ 

tition/.     Back  vent  into  d  and  mark  the  sizes  of  the  pipes. 
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(ARTS.  964-1052.) 


EXAMINATION   QUESTIONS. 

(585)  {a)  What  should  be  provided  to  prevent  the  fire 
in  the  tubes  of  a  burning  machine  from  exploding  the 
machine  ?     (d)  Where  is  it  usually  placed  ? 

(586)  {a)  How  would  you  diminish  an  air  and  hydrogen 
blowpipe  flame  ?     (6)  How  would  you  extinguish  it  ? 

(587)  Describe  the  hydrostatic  test  as  applied  to  house- 
drainage  systems. 

(588)  Describe  a  frost  burst  (a)  in  a  lead  pipe;  (d)  in  an 
iron  pipe,  (r)  Will  iron  pipes,  being  stronger  than  lead 
pipes,  better  resist  the  action  of  frost  ? 

(589)  What  should  be  carefully  considered  before 
discharging  crude  sewage  into  (a)  streams  ?  (^)  into  the 
sea  ? 

(590)  Is  there  any  objection  to  a  velocity  of  8  feet  per 
second  in  brick  sewers  ?     Give  reasons. 

(591)  A  rapidly  flowing  stream  of  good  drinking  water 
runs  within  300  feet  of  a  country  building  which  is  situated 
CO  feet  above  it  vertically;  (a)  explain  how  you  would 
arrange  a  self-acting  machine  which  will  raise  water  to  the 
building,  (d)  What  causes  the  water  to  rise  to  the  building  ? 
{c)  How  would  you  fit  up  three  of  these  machines  so  that 
they  may,  separately  or  together,  raise  water  to  the  building? 
(^/)  What  shut-off  valves  are  necessary  ? 

(592)  If  there  is  any  danger  of  hot  water  entering  a 
water  meter,  what  must  be  considered  and  guarded  against  ? 

(593)  How  may  water,  which  has  grown  stale  and  **flat," 
be  freshened  and  made  brisk  again  ?  What  is  the  process 
called  ? 

For  notice  of  the  copyright,  see  page  immediately  following  the  title  page. 
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(594)  What  kind  of  seams  should  be  made  in  a  tank 
which  is  built  for  the  storage  of  acids,  the  tank  lining  being 
7-pound  sheet  lead  ?     Give  your  reasons. 

(595)  {a)  How  should  the  air  supply  which  is  necessary 
to  operate  a  lead  burning  blowpipe  be  furnished  ?  (b)  What 
are  the  necessary  requirements  of  a  good  blast  ? 

(596)  Describe  the  essential  part  of  the  process  of  lead 
burning. 

(597)  Upon  applying  the  hydrostatic  test  to  a  system  of 
cast-iron  drains  and  soil  pipes,  the  following  defects  were 
observed:  (a)  A  joint  leaking  slightly  around  the  calk- 
i^ff  J  (^)  ^  Jc^^  due  to  a  split  socket;  {c)  a  leak  from  a  split 
in  the  pipe;  {d)  a  flaw  in  the  casting;  how  should  they  be 
remedied  ? 

(598)  The  main  service  pipe  under  the  sidewalk,  and  in 
the  cellar  of  the  building  where  it  runs  along  the  face  of  a 
brick  wall,  is  frozen ;  explain  how  you  would  proceed  to  thaw 
it.     Describe  any  apparatus  used. 

(599)  What  do  you  understand  by  the  **  separate  **  system 
of  sewerage  ? 

(000)  {a)  Mention  a  suitable  fall  for  a  street  sewer,  {/f) 
What  should  be  attached  to  a  sewer  which  has  a  fall  of  1  in 
000  to  prevent  solid  matter  from  accumulating  ? 

(001)  (a)  What  particular  point  should  be  attended  to 
when  setting  a  single-acting  windmill  pump,  so  that  the 
work  upon  the  mill  Avill  be  as  easy  as  possible  and  the  flow 
of  water  uniform  ?     {/>)  If  it  is  neglected,  what  will  happen  ? 

'(002)     Explain  how  you  would  test  a  water  meter. 

(003)  {a)  What  should  be  guarded  against  when  roof 
water  is  collected  and  stored  in  tanks  or  cisterns  for  drink- 
ini^  purposes?  (/;)  How  should  dust,  bird  excreta,  etc.,  on 
the  roofs  be  prevented  from  entering  the  storage  tanks  or 
filters  ? 

(004)  How  is  the  operation  of  lead  burning  performed  ? 
Stale  what  must  be  considered  rej^arding  quality  or  com- 
position of  the  flame. 


PLUMBING   AND   DRAINAGE. 


871 


(005)  What  is  a  mixing  pipe  on  a  lead-burningapparatus? 
Explain  its  use,  and  state  how  the  right  proportions  of  air 
and  gas  are  obtained  at  the  blowpipe. 

(606)  Upon  what  does  the  strength  of  a  lead-burned  seam 
chiefly  depend  ? 

(007)  (a)  Describe  the  smoke  test,  and  explain  its  par- 
ticular advantages,  {it)  At  what  stage  of  the  work  should 
the  smoke  test  be  applied  ?  (r)  What  pressure  of  smoke 
should  be  employed  if  a  running  trap  is  used  on  the  drainage 
system  ? 

(808)  (rt)  Explain  how  waste  pipes  from  kitchen  sinks 
are  liable  to  become  choked.  {/>)  What  should  be  provided 
for  easy  access  to  clear  chokage  ?  (f)  How  should  a  lead 
waste  pipe  which  is  choked  be  cleared  ? 

(H09)  What  do  you  understand  by  the  combined  system 
of  sewerage  ? 

(010)  When  draining  carriage  house  or  stable  floors, 
what  precautions  should  be  taken  tn  {a)  prevent  the  en- 
trance of  sewer  gases?  ('5)  to  prevent  straw,  etc.,  from 
choking  the  drains  ? 

(611)  (fl)  Describe  briefly  a  single-piston  hot-air  engine, 
adapted  for  low-duty  pumping.  (/>)  What  are  its  advan- 
tages as  a  pump  for  domestic  purposes  ? 

(C12)  What  considerations  govern  the  size  of  water- 
supply  pipes  ? 

(013)  What  are  the  chief  pointstobe  considered  in  select- 
ing a  good  filter  («)  in  regard  to  the  velocity  of  flow  through 
the  filtering  medium  ?  {d)  in  regard  to  the  cleansing  of  the 
filtering  medium  ? 

(014)  Describe  a  hydrogen  gas  generator,  and  explain 
briefly  how  the  gas  is  generated  and  stored  in  the  machine; 
also,  what  prevents  an  excess  of  gas  pressure  in  the 
generator. 

(015)  («)  Mention  a  danger  attending  the  use  of  a  mix- 
ing pipe.  (A)  Where  are  the  adjusting  cocks  placed  in  the 
safest  forms  of  lead-burning  apparatus  ? 
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(61G)  {a)  Explain  the  use  of  the  lead  stick  in  lead  burn- 
ing,    (b)  On  what  class  of  seams  is  it  commonly  used  ? 

(G17)  {a)  Describe  the  peppermint  test,  and  explain  how 
it  can  be  employed  without  the  aid  of  a  machine,  {b)  How 
are  leaks  detected  by  this  test  ? 

(618)  How  would  you  proceed  to  ventilate  a  dark  water- 
closet  apartment,  a  jet  of  gas  being  used  to  light  the  apart- 
ment ?     No  air-shafts  are  in  the  vicinity. 

(610)  Give  a  sketch,  showing  the  proper  proportions,  of 
a  sewer  suitable  for  removing  house  sewage  and  large  vol- 
umes of  storm  water  (combined).  What  are  the  advantages 
of  this  shape  over  the  ordinary  round  sewer  ? 

(620)  A  cellar  is  occasionally  flooded  with  surface  water. 
The  cellar  floor  is  2  feet  below  the  level  of  the  city  sewer. 
The  water  supply  to  the  building  is  abundant,  and  the  pres- 
sure is  high,  (a)  Explain  the  best  method  you  know  of  for 
automatically  discharging  this  cellar  water  into  the  sewer. 
(d)  What  operates  the  machine,  and  what  causes  the  cellar 
water  to  move  ? 

(621)  What  class  of  hot-air  cnp^ine  would  you  use  to 
raise  water  from  a  well  7/)  feet  deep  to  a  house  tank  100  feet 
above  it,  if  the  man  in  charge  of  the  pump  is  a  gardener  ? 
Give  your  reasons. 

(622)  Draw  to  a  scale  of  twice  the  size  of  the  cut  (Fig. 
361,  Art.  1(>29)  the  fi.xtures  shown.  Let  the  1-inch  water- 
supply  pi[)e  enter  from  the  right  instead  of  the  left,  as 
shown  in  the  cut,  and  take  oil  branches  to  the  different 
lixtures.      Mark  diameters  of  pipes. 

(623)  Describe  briefly,  with  sketch,  a  simple  form  of  an 
underi^round  filter  for  removing  niechanic^il  impurities  from 
roof  water  before  it  flc^ws  into  an  underground  brick 
cistern. 

(624)  What  is  the  objec^t  of  hlowinix  the  air  out  of  the 
p:enerator  of  a  lead-hiirnini^  niac^iine  befont  allowing  gas  to 
acciinuilate  ?      How  is  it  aeconiplished  ? 
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(626)  (a)  Does  moisture  ever  gather  in  the  rubber  tubes 
of  a  lead-burning  machine?  {ii)  If  it  does,  how  will  it  affect 
the  blowpipe  flame  ? 

((i2fi)  Describe  three  forms  of  lap  joints  in  sheet-lead 
worlc.  and  explain  how  each  form  is  burned  with  the  air 
and  hydrogen  blowpipe. 

(G27)  {a)  How  should  water-supply  pipes  be  run  in 
buildings  situated  in  cold  climates  ?  (i)  If  there  is  danger 
of  a  water  pipe  being  frozen  by  being  run  in  a  cold  place, 
explain  what  should  be  done  to  protect  the  pipe. 

(038)  ((f)  Mention  three  common  methods  of  disposing 
of  sewage  matter  from  buildings  (/i)  What  kind  of  pipe  is 
usually  employed  for  sewer  connections  to  ordinary 
residences?     State  its  diameter  and  how  it  should  be  laid 

((129)  (a)  At  what  point  should  the  house  drain  join  an 
egg-shaped  sewer  ?     {/')  What  is  the  "  invert  "  of  a  sewer  ? 

(630)  What  advantage  has  the  chain  pump  over  the 
piston  pump  for  raising  water  out  of  shallow  wells  or 
cisterns  ? 

(cm)  (a)  How  are  the  leather  packings  which  make  the 
cylinders  of  the  Rider  compression  engine  air  tight  pre- 
vented from  being  burned  by  the  hot  air  ?  (6)  What  is  the 
use  of  the  automatic  air-aupply  valve  on  the  cooling  cylin- 
der? (c)  Explain  the  use  of  the  regenerator  plates.  ((/) 
What  will  result  if  the  engine  pistons  are  carelessly  oiled  ? 
(r)  What  particular  points  must  be  considered  in  setting  the 
engine  ? 

(032)  What  should  be  considered  regarding  the  branches 
taken  from  a  rising  main  to  supply  the  different  fltjors  of  a 
tall  building,  so  that  a  uniform  supply  can  be  obtained  for 
all  the  floors  ? 

(033)  Explain  briefly  the  principal  points  to  be  con- 
sidered in  selecting  the  location  of  {a)  kitchen  sinks;  (d) 
wash  tubs;  (c)  pantry  sinks;  (//)  bathrooms. 

(034)  (rt)  What  kind  of  zinc  is  best  adapted  for  making 
gas  in   the   ordinary   lead-burning   machine?     Give    your 


874  PLUMBING  AND   DRAINAGE. 

reasons,  {ff)  How  much  zinc  would  be  required  to  make 
about  40  cubic  feet  of  hydrogen  gas  under  the  machine 
pressure  ?  Ans.  {d)  8  lb. 

(635)  Suppose  that  the  gas  generator  and  air  holder  of  a 
lead-burning  apparatus  are  charged;  explain  how  you  would 
proceed  to  start  the  blowpipe,  and  how  you  would  know 
when  you  had  the  proper  lead-burning  flame. 

(63G)  How  should  two  pieces  of  lead  pipe  be  prepared  for 
burning  in  a  vertical  position  ?  How  is  the  blowpipe  flame 
fed? 

(637)  What  is  the  cause  of  a  pipe  being  burst  by  frost  ? 
Why  does  not  the  ice  form  without  bursting  the  pipe  ? 

(638)  (a)  What  are  the  chief  objections  to  cesspools  ? 
(b)  How  do  they  affect  wells  in  the  vicinity  ?  (c)  What 
epidemics  are  liable  to  be  caused  by  cesspools  and  wells 
being  situated  in  the  same  stratum  of  earth,  and  near 
each  other  ? 

(630)  What  is  the  natural  direction  of  the  flow  of  sewer 
gas  in  a  ventilated  sewer,  if  its  orifice  of  discharge  and  its 
highest  ends  are  all  open  to  the  atmosphere,  (a)  during 
summer  ?  (/;)  during  winter  ? 

(040)  What  precaution  should  be  taken  before  entering 
a  deep  well  ?     Give  reasons. 

(r)41)  (a)  What  are  water  meters  used  for?  {I?)  How 
and  where  should  they  be  set  ? 

((542)  How  may  mechanical  impurities  be  extracted 
from  water  ? 

(043)  (a)  Mention  two  objections  to  locating  plumbing 
fixtures  in  rooms  immediately  over  parlors,  libraries,  and 
(linini^  rooms.  (/;)  Above  what  rooms  or  places  should  they, 
if  possible,  he  situated  ? 

(044)  (<7)  Does  the  p^cnerator  of  a  lead-burning  apparatus 
remain  at  a  constant  temperature  or  become  warmer  or 
colder  while  making  hydroi^en  oas  ?  (/;)  How  does  heat 
affect  the  makinj^  of  the  gas  ?     (r)   If  a  lead-burning  machine 
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has  been  run  a  while  and  then  allowed  to  cool  down,  what  is 
liable  to  happen  ? 

(645)  What  part  of  the  air  and  hydrogen  flame  is  most 
useful  in  lead  burning  ?     Give  your  reasons. 

(646)  {a)  What  are  the  principal  points  to  be  considered 
in  lining  a  tank  with  sheet  lead,  if  acids  are  to  be  stored  in 
it  ?  (6)  How  are  the  end  sheets  usually  fitted  and  secured 
in  place,  acid-tight  ? 

(647)  (d)  Explain  how  a  pipe  full  of  water  may  freeze 
and  not  burst,  (d)  Explain  how  a  pint  of  water  may 
freeze,  and  burst  a  pipe. 

(648)  If  house  sewage  is  to  be  discharged  into  a  tidal 
river  or  the  sea,  what  are  the  chief  points  to  be  consid- 
ered regarding  the  arrangement  of  the  sewer  pipe  ? 

(649)  Should  storm  water  and  street  washings  flow 
directly  into  a  sewer  ?     Give  reasons. 

(650)  (a)  Describe  briefly  and  clearly  how  water  can 
be  raised  from  a  well,  stored  underground,  and  be  main- 
tained under  a  pressure  suit- 
able  for  supply  to  a  building 
near  it.  {d)  What  are  the  ad- 
vantages and  disadvantages 
of  the  method  ? 

(651)  The  last  time  the 
meter  dial  shown  in  Fig.  7 
was  read,  it  indicated  6,417 
cubic  feet;  how  many  cubic 
feet  of  water  have  passed 
through  the  meter  since  that 
time  ?  _ 

(652)  What  kind  of  char-  P'°-7- 

coal  is  best  adapted  for  use  as  a  filtering  medium  ?     Give 
your  reasons. 
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EXAMINATION  QUESTIONS. 

(653)  A  service  pipe  discharges  185  cubic  feet  of  gas  per 
hour  into  the  atmosphere  from  a  street  main  having  a  pres- 
sure of  1.75 inches  of  water;  what  volume  will  be  discharged 
per  hour  if  the  pressure  in  the  main  is  increased  to  4  inches 
of  water  ?  Ans.  279.7  cubic  feet,  nearly. 

(654)  How  many  cubic  feet  of  gas  should  pass  through 
a  meter  before  the 
pointers  on  the  meter 
dial  are  changed  from 
the  position  shown  in 
Fig.  378,  Art.  1080, 
to  the  position  shown 
in  the  accompanying 
Fig.  8  ? 

Ans.  26,600  cu.  ft. 

(655)  What  diameter  of  pipe  should  be  used  to  supply 
27  ordinary  burners  with  coal  gas,  the  length  of  the  pipe 
being  1)7  feet,  and  the  pressure  of  the  gas  2  inches  of  water  ? 

(656)  Briefly  describe  the  proving  pump  and  the  mer- 
curial pressure  gauge  commonly  used  in  testing  gas-pipe 
systems. 

(657)  What  is  the  principle  upon  which  incandescent 
light  is  produced  by  means  of  ordinary  gas  ? 

(658)  Describe  briefly  the  construction  and  operation  of 
an  instantaneous  water  heater  which  uses  gas  as  a  fuel. 

(65i))  What  is  about  the  proper  height  for  side  lights  and 
hanging  fixtures  in  an  ordinary  dwelling  ? 

For  notice  of  the  copyright,  see  piige  iniincdiatcly  followintj  the  title  page. 
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(GGO)  {a)  What  is  the  candle  power  of  acetylene  gas? 
(6)  How  many  5-foot  batswing  burners,  consuming  ordinary 
coal  gas  (16  cp.),  will  be  required  to  furnish  as  much  light 
as  that  from  a  well-designed  acetylene  burner  consuming 
5  cubic  feet  of  acetylene  in  the  same  time  ? 

Ans.   (d)  About  15  burners. 

(OGl)  How  many  5-foot  batswing  burners  will  be  required 
to  properly  illumine  an  auditorium  65  ft.  X  90  ft.  and  two 
balconies,  each  having  1,200  square  feet  of  floor  area  ? 

Ans.  206  burners. 

(662)  {a)  Mention  the  advantages  and  disadvantages  of 
cast-iron  pipe  for  underground  gas  pipes.  (6)  How  should 
such  pipes  be  protected  against  rust  ? 

(663)  How  do  you  account  for  the  fact  that  the  water 
gauge  pressure  of  ordinary  illuminating  gas  is  higher  at  the 
top  than  at  the  bottom  of  a  tall  building  ? 

(664)  Describe  the  operation  of  a  water-sealed  gas 
governor.     What  is  it  commonly  used  for  ? 

(665)  Explain  how  water  accumulates  in  gas  pipes;  also, 
the  effect  of  such  accumulation  upon  the  flow  of  the  gas. 

(666)  Describe  the  **  ether  cup"  and  its  use  in  testing 
gas  pipes. 

[CjijH)     Briefly  describe  the  batswing  burner. 

(()6S)  Mention  the  use  of  a  **fire  check  "  on  atmospheric 
burners  and  explain  how  it  operates  as  a  check. 

{{'){')[))  (a)  Mention  a  few  precautions  which  should  be 
taken  while  searchinjr  for  gas  leaks  in  a  building.  (/?)  Twelve 
parts  of  air  and  one  of  gas  exist  in  the  dark  cellar  of  a  build- 
ini;;  is  it  safe  to  search  for  a  leak  in  such  an  atmosphere  with 
a  naked  light  ? 

(OTO)  Describe  briefly  the  process  of  producing  gasoline 
^as,  commonly  known  as  *'  air  gas." 

(imI)  What  do  you  understand  by  the  expression 
*'  candle  power  ?  " 
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(G72)  How  would  you  run  a  1^-inch  wrought-iron  service 
pipe  through  earth  which  is  partly  made  up  of  ashes  ?  How 
would  you  protect  the  pipe  ? 

(G73)  The  pressure  of  gas  in  the  basement  of  a  tall 
building  is  1.25  inches  of  water.  The  density  of  the  gas 
compared  with  air  is  .5.  What  will  be  the  pressure  in 
inches  of  water  of  the  gas  on  the  eighteenth  floor,  which  is 
220  feet  above  the  basement  ?       Ans.   2.85  inches  of  water. 

(674)  Describe  the  operation  of  a  dry  governor.  Where 
is  it  commonly  employed,  and  why  ? 

(675)  (a)  In  piping  a  building  for  the  distribution  of 
gas,  how  would  you  provide  for  condensation  within  the 
pipes  ?  (6)  Suppose  that  an  unavoidable  sag  is  made  in  one 
of  the  main  lines  in  a  cold  place  of  the  basement,  how  would 
you  provide  for  accumulation  of  water  of  condensation 
there  ? 

(676)  What  do  you  understand  by  the  term  **  combustion 
of  gas  ? " 

(677)  (a)  Briefly  describe  the  Argand  burner,  and  state 
the  most  desirable  pressure  at  which  it  should  burn  the 
gas.     {d)    Why   is   a   chimney   necessary   for   the   Argand 

burner  ? 

(678)  {a)  What  are  gas  fixtures  ?  (6)  Distinguish  between 
gas  brackets  and  chandeliers. 

(670)  {a)  How  do  you  account  for  the  flickering  and 
jumping  of  gas  lights  ?  (d)  How  would  you  remedy  the 
defect  ? 

(680)  How  many  U.  S.  gallons  of  gasoline  of  the  best 
grade  are  required  to  furnish  15  c.p.  gas  to  ten  S-foot 
burners  for  100  hours  ?  Ans.  22. 5  gallons. 

(681)  Briefly  desciibe  the  process  of  determining  the 
candle  power  of  a  gas  flame  by  the  use  of  the  Rumford 
photometer. 

(682)  What  are  the  principal  objections  to  lead,  tin,  and 
composition  as  materials  for  gas  pipes  in  buildings  ? 

F.    IL-S6 
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(688)  Explain  briefly  how  gas  pressures  are  usually 
determined  and  read ;  also,  how  the  scale  is  laid  out. 

(684)  Describe  the  chief  difference  between  a  common 
pressure  governor  and  a  volumetric  segulator. 

(685)  If  the  meter  a  in  Pig.  886»  Art.  lOOSy  is  placed 
in  the  basement  directly  under  the  dining-room  double  win- 
dow, and  the  gas  fixtures  aU  remain  in  the  positions  shown 
by  this  and  the  succeeding  figure  (886),  show  by  drawings,  the 
same  size  as  those  in  these  figures,  how  you  would  run  the 
gas  piping  for  the  building,  and  mark  the  nominal  sizes  of 
the  pipes  upon  your  drawings.  Allow  for  a  1- jet  pillar  light 
to  be  set  on  the  newel  post  at  the  foot  of  the  stairs. 

(686)  What  are  the  principal  products  of  the  combustion 
of  coal  gas,  and  how  are  they  formed  ? 

(681^  Describe  the  principles  of  the  regenerative  lamp, 
and  explain  the  construction  and  operation  of  a  gas  lamp 
which  operates  on  this  principle. 

(688)  What  must  be  considered  in  the  construction  and 
maintenance  of  the  keys  of  gas  fixtures  as  regards  the 
safety  of  the  occupants  of  the  building  ? 

(689)  Describe  a  service  cleaner,  and  state  the  advantage 
of  the  air  chamber. 

(690)  Briefly  describe  a  gasoline  gas  **  generator,"  and 
state  how  the  air,  in  passing  through  the  generator,  becomes 
carbureted. 

(691)  Suppose  that  the  sight-box  diaphragm  of  a  Bunsen 
photometer  is  20  inches  from  the  center  of  the  candle  flame 
and  80  inches  from  the  center  of  the  gas  flame,  when  both 
sides  of  the  diaphragm  appear  the  same ;  what  is  the  candle 
power  of  the  gas  ? 

(692)  What  **  fittings"  are  best  adapted  for  wrought- 
iron  gas  pipe  work  ?     Give  your  reasons. 

(G93)  A  mercury  gauge  indicates  7.5  inches  of  mercury; 
what  pressure  does  this  represent  in  pounds  per  square 
inch  ? 
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(694)  Mention  three  prime  reasons  why  gas  governors 
'should  be  employed  on  gas-distributing  systems, 

(605)  Describe  how  house-service  pipes  should  be  run, 
and  how  connected  to  the  street  mains. 

(oaO)  Upon  what  does  the  temperature  of  a  gas  flame 
chiefly  depend  ? 

(li'J?)  Briefly  describe  the  principles  of  an  incandescent 
gas  lamp  of  the  Bunsen  burner  type. 

(f(98)  If  you  are  requested  to  hang  a  chandelier  in  such 
a  manner  that  it  may  be  either  swung  or  turned  around, 
what  kind  of  a  Joint  would  you  make  at  the  ceiling  ? 

((!9U)  ((()  What  are  the  principal  causes  of  gas  jets 
smoking  ?     (li)     How  may  they  be  remedied  ? 

(700)  («)  Where  should  gasoline  gas  generators  be  placed 
in  respect  to  the  building  ?  Give  reasons.  (A)  What  must 
be  considered  regarding  the  temperature  of  the  generator  ? 

(701)  Explain  briefly  how  you  would  proceed  to  deter- 
mine the  c.p.  of  a  gas  flame  by  means  of  the  Bunsen 
photometer  having  a  star  disk.  What  must  be  considered 
regarding  the  supply  uf  gas  to  the  flame  ? 

(703)     Upon  what  does  the  rate  of  the  flow  of  gas  depend  ? 

(703)  Explain  briefly  how  you  would  proceed  to  deter- 
mine the  velocity  of  gas  in  a  6-inch  street  main. 

(704)  Would  you  consider  pressure  regulation  or  volu- 
metric regulation  best  adapted  for  the  proper  distribution 
of  gas  in  a  tall  building  ?     Give  your  reasons. 

(705)  Describe  briefly  the  most  important  points  to  be 
considered  in  setting  and  connecting  up  [a)  wet  meters;  ((4) 
dry  meters. 

(706)  Describe  briefly  how  the  combustion  of  gas  takes 
place  in  an  "atmospheric  burner." 

(707)  (a)  Describe  the  difference  between  the  flame  of 
the  Bunsen,  and  the  flame  of  the  Fletcher  burner.  {6) 
Which  of  these  burners  requires  the  larger  air  inlet  ?  Give 
reasons. 
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(708)  (a)  Describe  the  construction  of  two  different 
forms  of  sliding  chandeliers.  (6)  Is  water  a  suitable  liquid 
for  use  in  sealing  chandelier  tubes  ?     Give  reasons. 

(700)  (a)  Briefly  describe  the  process  of  making  coal 
gas.  (d)  What  are  the  impurities,  and  how  are  they  gener- 
ally separated  from  the  gas  ? 

(710)  Describe  the  operation  of  an  air  pump  commonly 
employed  to  supply  air  to  gasoline  gas  generators. 

(71 1 )  The  water  in  a  certain  kitchen  boiler  is  heated  by  a 
copper-pipe  coil  submerged  in  the  water  in  the  boiler.  The 
products  of  combustion  from  a  gas  flame  pass  up  through 
the  coil  and  escape  to  the  atmosphere  from  its  upper  end  ; 
explain  how  it  is,  when  the  gas  is  burning  and  the  water  is 
cold,  that  water  trickles  down  the  coils  and  spills  upon  the 
floor. 

(712)  How  does  the  volume  of  gas  delivered  by  a  pipe 
of  any  given  size  vary  with  the  length  of  the  pipe,  the 
pressure  and  density  of  the  gas  remaining  the  same. 

(71'>)  It  is  found  that  a  certain  gas-service  pipe  delivers 
750  cubic  feet  of  gas  under  a  pressure  of  0  inches  of  water; 
what  will  the  volume  of  this  gas  be  when  the  pressure  is 
reduced  to  1  inch,  the  temperature  remaining  the  same  ? 

Ans.   751). 2  cubic  feet,  nearly. 

(714)  What  are  the  chief  objections  to  the  practice  of 
** checking"  a  burner  by  cotton  wadding,  etc.? 

(715)  At  what  stage  in  the  construction  of  a  building 
should  the  gas-litter  begin  his  work  ? 

(7n))  When  the  gas  and  air  are  heated  before  they  reach 
the  burner,  the  heat  being  obtained  by  the  products  of  com- 
l)usti()n,  {(f)  what  is  the  [)rocess  called  ?  (/^)  IIow  does  the 
'*  prc-hcatiug  "  alTcct  the  intensity  of  the  flanu-  ?  (live  your 
reasons. 

(711)  {(i)  IIow  would  you  convert  a  Bunsen  burner  inio 
a  Fletcher  burner  ?  (/;)  What  advantages  would  be  obtained 
by  the  change  ? 
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(718)  How  are  sun  lights  commonly  ignited  (neglect 
electrical  methods)  ?     Explain  the  use  of  the  pilot  light. 

(719)  {a)  What  is  producer  gas  ?  How  is  it  made  ?  (6) 
What  gases  constitute  the  combustible  part  of  producer  gas, 
and  in  about  what  proportions  do  they  exist  ? 

(720)  (a)  Explain  the  use  of  a  ** mixing  device"  on  a 
ga^line  gas  plant,  and  describe  its  operation.  (6)  State 
what  class  of  burners  must  be  used  if  the  mixer  is  not 
employed. 

(721)  (a)  What  are  shields  used  for  in  gas-fixture  work  ? 
{d)  If  an  open  burner  happens  to  be  2  feet  6  inches  from  a 
ceiling,  would  you  consider  it  necessary  to  use  a  shield  ? 

(722)  The  length  and  diameter  of  a  pipe  and  the  com- 
position of  the  gas  remaining  the  same,  how  do  pressure 
variations  affect  the  volume  delivered  ? 

(723)  Briefly  describe  the  operation  of  a  wet  meter,  and 
mention  its  disadvantages. 

(724)  Where  is  the  proper  place  to  connect  a  pressure 
regulator  so  that  it  will  control  the  entire  building;  and, 
under  such  conditions,  to  what  pressure  should  the  meter 
be  regulated  so  that  it  may  operate  correctly  ? 

(725)  What  are  the  most  important  points  to  be  consid- 
ered in  securing  ** drops"  for  hanging  fixtures  ? 

(72G)  Which  part  of  the  process  of  combustion  produces 
light  ? 

(727)  What  particular  features  should  be  considered  in 
the  design  and  construction  of  gas  stoves  as  regards 
utilization  of  the  heat  in  the  products  of  combustion  ? 

(728)  (a)  What  is  the  principal  object  of  enclosing  gas 
flames  with  **  globes?"  {d)  What  should  be  the  minimum 
size  of  opening  in  a  gas  globe  ? 

(720)  What  is  water  gas  made  from  ?  Describe  briefly 
how  it  is  made. 

(730)  In  what  ratio  does  the  intensity  of  light  vary  with 
the  distance  from  the  source  ? 
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(731)  (a)  The  chemical  symbol  of  a  certain  gas  is  C,H,» 
What  is  the  commercial  name  of  this  gas  ?  {b)  How,  and 
from  what  substances  is  it  made  ?  (c)  Can  this  gas  be  burned 
properly  by  ordinary  lava-tip  burners  ?     Give  reasons. 

(732)  If  the  pressure  of  the  gas,  and  the  length  and  the 
diameter  of  the  pipe  remain  the  same,  how  does  a  difference 
in  density  affect  the  flow  of  the  gas  ? 

(733)  Briefly  describe  the  operation  of  a  dry  meter,  and 
mention  its  advantages  over  the  wet  meter. 

(734)  Suppose  that  you  place  a  dry  governor  upon  a  pipe 
which  supplies  a  number  of  common  batswing  burners,  some 
Welsbach  incandescent  burners,  and  some  Wenham  lamps; 
to  what  pressure  would  you  set  the  governor  to  obtain  the 
best  and  most  economical  results  at  the  burners  ? 

(735)  (a)  Should  gas  pipes  be  run  in  places  exposed  to 
cold  weather  ?  Give  your  reasons.  (6)  If  they  must  be  run 
in  such  places,  how  should  they  be  protected  ?  (c)  What 
must  be  guarded  against  when  iron  gas  pipes  run  very  close 
to  electric  wires  ?  Where  there  is  danger  of  contact,  what 
provision  should  be  made  ? 

(736)  (a)  When  will  a  gas  flame  smoke,  and  what  is  the 
cause  ?     (/;)  How  may  the  trouble  be  remedied  ? 

(737)  In  piping  and  connecting  up  gas  stoves,  what  pro- 
vision should  be  made  for  the  products  of  combustion  ?  Give 
your  reasons. 

(738)  (a)  What  are  shades  commonly  employed  for  ?  (d) 
Where  are  they  usually  placed  about  the  fixture  ?  (r)  What 
are  the  requirements  of  a  good  shade  ? 

(730)  Describe  briefly  the  process  of  making  Archer  gas. 
What  is  the  name  derived  from  ? 

(740)     Distint^uish  between  '^refraction"  and  ''reflection." 

(7+1)  Briefly  describe  the  use  of  reflectors  and  the  law 
whi('h  ^c)vcrns  reflection. 

(74*^)     A  certain  i)ipe  TOO  feet  long  delivers  185  cubic  feet 
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of  gas  per  hour;  how  much  will  it  deliver  if  the  length  of 
the  pipe  is  increased  full  size  to  271  feet  ? 

Ans.  112.32  cubic  feet,  nearly. 

(743)  (a)  How  and  where  should  a  meter  be  set  ?  {b) 
How  would  you  approximately  determine  the  internal 
condition  of  a  dry  meter  ? 

(744)  What  is  the  smallest  size  of  a  wrought-iron  service 
pipe  that  you  would  run  for  a  building  ?     Give  your  reasons. 

(745)  (a)  Explain  how  gas  pipes  are  tested  for  tightness. 
(^)  How  are  the  leaks  discovered  ? 

(746)  {a)  In  comparing  the  light  produced  by  burning 
gases  having  different  proportions  of  H  and  C,  what  is 
noticeable  as  regards  the  intensity  ?  (d)  As  an  illustration, 
mention  a  hydrocarbon  gas  which  burns  with  intense 
brilliancy. 


ELECTRIC-LIGHT  WIRING 
AND  BELL  WORK. 

(ARTS.   1219-1333.) 


EXAMINATION  QUESTIONS. 

(747)  What  is  Ohm's  Law  ? 

(748)  How  would  you  define  **drop  of  potential  ? " 

(749)  What  are  the  three  methods  of  connecting  incan- 
descent lamps  in  circuit  ? 

(750)  What  are  the  units  employed  in  measurement  of 
current,  electromotive  force,  and  resistance  ? 

(751)  What  is  an  electro-magnet  ? 

(752)  What  is  the  distinguishing  feature  of  the  closed- 
circuit  burglar-alarm  system  ? 

(753)  A  group  of  30  lamps,  16  c.p.,  110  volts,  is  located 
100  feet  from  the  source  of  current  supply.  If  the  drop  in 
potential  is  1^  volts,  what  size  wire  should  be  used  ? 

Ans.   No.  6  B.  &  S. 

(754)  What  is  the  difference  between  series  and  parallel 
arrangement  of  conductors  ? 

(755)  If  the  resistance  of  a  wire  3,540  feet  long  is  2.017 
ohms,  what  is  the  size  of  the  wire  ? 

(750)     What  is  a  safety  cut-out  ? 

(757)  What  methods  are  ordinarily  used  in  the  production 
of  electric  current  ? 

(758)  What  is  the  area  in  circular  mils  of  a  wire  Gf  inches 
in  diameter  ?  Ans.   40,()40,r)25  circ.  mils. 

(759)  A  group  of  lamps  is  composed  of  3  of  50  candle 
power,  8  of  32  candle  power,  and  32  of  IG  candle  power,  all 

For  notice  of  the  copyri>(ht,  »ec  page  immediately  following  the  title  page. 
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supplied  from  a  110- volt  circuit.  What  will  be  the  size  of 
feeders,  the  distance  being  340  feet^  and  the  drop  5  volts  7 

Ans.  No.  4  B.  &  & 

(760)  What  method  is  employed  in  testing  the  insulation 
resistance  of  house  circuits  during  installation  ? 

(761)  Under  what '  circumstances  are  automatic  drops 
installed  on  bell  circuits  ? 

(762)  Explain  the  action  of  a  pendant  burner  for  electric 
gas-lighting. 

(763)  A  current  of  13.5  amperes  is  to  be  transmitted  to 
a  bank  of  110- volt  lamps,  distant  320  feet,  with  5  per  cent, 
loss  in  line,  (a)  What  will  be  the  resistance  of  the  two  con- 
ductors? (6)  What  is  the  resistance  per  foot,  assuming 
each  conductor  to  be  320  feet  long  ?    a       j  (a)  .43  ohm. 

'  (  (*)  .00067  ohnL 

(764)  Under  what  circumstances  may  single-pole  switches 
be  used  in  a  lighting  system  ? 

(765)  Describe  briefly  the  closet  system  of  house-wiring. 

(766)  What  size  of  conductor  is  required  for  a  110-volt 

circuit,  540  feet  in  length  from  dynamo  to  lamps,  when 
sixty-five  16  c.p.  lamps  are  used  and  a  drop  in  potential  of 
4. 5  volts  is  allowed  ?  Ans.  No.  1  B.  &  S. 

(767)  What  is  the  special  advantage  of  the  three-wire 
system  ? 

(768)  Make  a  rough  sketch  showing  the  different  parts  of 
an  electric  bell,  and  the  path  of  the  current  through  it. 

(769)  What  apparatus  is  required  to  operate  electric 
gas-lighting  attachments  on  the  parallel  system  ? 

(770)  What  will  be  the  drop  of  potential  in  a  110-volt 
circuit  having  45  lamps  of  16  candle  power  and  4  lamps  of 
32  candle  power,  the  distance  from  the  dynamo  being 
105  feet,  and  the  wire  No.  6  B.  &  S.?  Ans.   3.59  volts. 

(771)  What  is  the  principle  underlying  the  use  of  the  loop 
circuit  ? 

(772)  To  what  classes  of  installation  are  cleat  work, 
molding,  and  concealed  work,  respectively,  best  suited  ? 
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(773)  It  is  proposed  to  supply  current,  by  means  of  a 
No.  8  wire,  to  thirty-six  32  c.p.  lamps  mounted  on  a  chan- 
delier at  a  distance  of  75  feet  from  the  distributing-box,  the 
allowable  loss  being  3.5  volts.  Will  this  size  of  wire  be 
correct  ?     Give  reasons  for  your  answer. 

(774)  What  consideration  should  apply  in  deciding  upon 
the  location  of  the  distributing-boxes  for  inside  electric-light 
wiring  ? 

(775)  What  alteration  is  necessary  to  a  vibrating  bell  in 
order  to  change  it  to  one  giving  a  single  stroke  ? 

(776)  What  size  wire  is  generally  used  in  annunciator 
work  {a)  for  the  leading  wires  ?     (d)  for  the  battery  wire  ? 

(777)  What  size  wire  is  necessary  for  a  110-volt  loop 
circuit  around  the  walls  of  a  room  45  feet  long  by  38  feet 
broad,  thirty-two  16  c.p.  lamps  being  used,  and  a  drop  of 
1^  per  cent,  being  allowed  ?  Ans.  No.  8  B.  &  S. 

(778)  In  what  class  of  work  is  the  megohm  used  ? 

(779)  What  precautions  should  be  taken  when  electric 
light  wires  are  passed  through  a  wall  or  partition  ? 

(780)  A  cluster  of  lights,  consisting  of  ten  16  c.p.  lamps 
and  three  32  c.p.  lamps,  is  installed  on  a  55-volt  circuit.  A 
line  loss  of  2.5  per  cent,  is  allowed,  the  length  of  line  from 
closet  to  lamps  being  110  feet.  What  size  wire  must  be 
used  ?  Ans.   No.   6  B.  &  S. 

(781)  Explain  the  action  of  a  buzzer. 

(782)  What  arrangement  may  be  used  to  give  notice  of 
a  short-circuit  on  a  gas-lighting  system  operated  by  a 
battery  ? 

(783)  The  feeders  in  a  110-volt  lighting  circuit  are  135 
feet  in  length,  and  supply  current  to  two  hundred  and  forty 
16  c.p.  lamps,  with  a  drop  of  2  volts.  What  is  the  size  of 
conductor  in  circular  mils  ?  Ans.   174,960  circ.  mils. 

(784)  What  are  the  respective  advantages  of  acid  and 
resin  as  a  soldering  flux  ? 

(785)  What  is  the  object  of  the  neutral  wire  in  the  three- 
wire  system  ? 


880  ELECTRIC-LIGHT  WIRING 

(786)  A  feeder  225  feet  long,  No.  6  wire,  supplies  current 
to  twenty-five  16  c.p.  55-volt  lamps.  Disregarding  heating 
effect,  what  would  be  the  drop  of  potential  on  the  line  ? 

Ans.  4.624  volts. 

(787)  How  would  you  proceed  in  installing  a  battery  of 
two  or  three  cells,  for  bell  work,  if  the  cells  are  delivered  to 
you  in  the  original  package,  as  shipped  ? 

(788)  In  wiring  for  the  multiple-system  of  electric  gas- 
lighting,  what  special  precautions  must  be  observed  ? 

(789)  What  means  should  be  employed  to  take  the  strain 
off  the  connections  of  a  lamp  cord  inside  a  rosette  ? 

(790)  What  will  be  the  drop  of  potential  in  a  110- volt 
circuit,  having  46  lamps  of  16  candle  power,  the  conductor 
being  No.  4  wire,  and  its  length  for  the  single  distance  84 
feet  ?  Ans.  1  volt. 

(791)  If  it  is  desired  to  ring  bells  from  a  lighting  circuit, 
what  arrangements  must  be  made  to  secure  this  result  ? 

(792)  What  is  the  distinction  between  a  feeder  and  a 

main  ? 

(793)  A  hall  dome  120  feet  in  diameter  is  fitted  with  40 
lamps  of  50  candle-power  each,  spaced  at  equal  distances 
apart,  in  loop  circuit.  The  E.  M.  F.  of  the  system  is  110 
volts,  and  current  is  supplied  at  one  side  of  the  circle  by 
feeders  85  feet  long.  Allowing  for  a  drop  of  IJ  volts  in  the 
feeders,  and  2.5  volts  in  the  lamp  circuit,  what  size  wire 
should  be  used  in  each  case? 

*        j  No.  1  wire  for  the  feeder. 

(  No.  0  wire  for  the  lamp  circuit. 

(794)  Show  by  means  of  diagrams  the  methods  of  lamp 
connection  in  the  multiple-arc,  the  multiple-series,  and  three- 
wire  systems. 

(705)  What  size  wire  will  be  required  for  an  installation 
on  the  three-wire  system,  having  sixty-six  110- volt  IG  c.p. 
lamps,  the  distance  between  these  and  the  point  of  supply 
being  180  feet,  and  a  drop  of  2.5  volts  being  allowed  ? 

Ans.   No.  G  wire. 
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(796)  When  two  or  more  bells  are  connected  in  series, 
what  changes,  if  any,  are  necessary  in  their  construction  ? 

(797)  When  is  it  advisable  to  install  the  flexible  two-wire 
system  in  a  building  ? 

(798)  The  feeders  passing  through  a  building  are  80  feet 
long,  and  supply  current  to  four  hundred  and  eighty  10  c.p. 
110-volt  lamps.  What  size  must  these  conductors  be,  if  the 
drop  of  potential  is  not  to  exceed  1.25  per  cent.? 

Ans.   290,000  circ.  mils. 

(799)  Show,  by  means  of  a  diagram,  a  method  of  ringing 
a  bell  from  either  one  of  two  different  points. 

(800)  What  will  be  the  drop  in  voltage  on  a  55-volt 
circuit  when  a  loss  of  4.0  per  cent,  is  allowed  ? 

Ans.  2.65  volts. 

(801)  Explain  the  object  of  a  drip-loop  in  house-wiring.- 

(802)  An  installation  on  the  three-wire  system  has 
eighty-four  10  c.p.  110-volt  lamps  on  a  circuit  320  feet  long, 
a  loss  of  3  per  cent,  being  allowed.  What  size  conductor  is 
required  ?  Ans.  No.  7  B.  &  S. 
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